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U n d e r g r o u n d  O r g a n s  o f  Phragmites communis, 
T h e i r  G r o w t h ,  B i o m a s s  a n d  N e t  P r o d u c t i o n  

A b s t r a c t  

The  p re sen t  paper  s u m s  up  t h e  knowledge  ob t a i ned  f rom the  s t u d y  of  g r o w t h  pe r iod ic i ty  in t he  
u n d e r g r o u n d  o rgans  of  Phragmites  communis  TRI~r a n d  f rom the  ana lyses  of  d i f ferent  Phragmites 
s t a n d s  in th ree  reg ions  of  Czechoslovakia .  A per iod  o f  in tense  g rowth  of  Phragmites  r h i zomes  was 
recorded  in s u m m e r .  Spr ing  (end of  Apri l  a n d  b e g i n n i n g  o f  May) a n d  a u t u m n  (ma in ly  September)  
seem to  be the  pemods  of  m o s t  ac t ive  root  g rowth .  D u r i n g  J u l y  a n d  A u g u s t ,  a c c u m u l a t i o n  of  
reserve  ma te r i a l  t a k e s  place bo t h  in new  and  old rh izomes .  I n  t he  s t a n d s  inves t iga t ed ,  t he  b iomass  
o f  Phragmites r h i zomes  va r i ed  f rom 2 k g / m  2 to  5 k g / m  2, a n d  root  d r y  we igh t  f r om 0.08 k g / m  2 
to  3.6 k g / m  2. The  ra t io  o f  u n d e r g r o u n d  to t o t a l  a b o v e g r o u n d  d r y  we igh t  was  h igh ly  var iab le  
(1.0 to 9.9). The  e s t i m a t e d  a n n u a l  n e t  rh izome  p r o d u c t i o n  o f  Phragmites,  in two different  s t and ,  
was  30 % (~akvick:~ f i shpond)  a n d  60 % (Nesy t  f i shpond)  of  t he  seasona l  m a x i m u m  above-  
-g round  b iomass .  

I N T : R O D U C T I O : N  

Phragmites communis TRIN. 1 is an important component of the littoral in many 
freshwater ecosystems and dominates in various wetland habitats. As a source 
of nourishment and/or shelter, it forms ecological niches for a great number of 
other organisms in shallow reservoirs. Information on the growth and production 
of Phragmites is important for understanding its role in these ecosystems. The 
need to obtain the basic production values for aquatic macrophytes has already 
been emphasized by WESTLAKE (1965). Most of the emergent plant communities 
are more productive than phytoplanktonic or submerged maerophyte communities 
(under the same climatic and trophic conditions and in the same area); their pro- 
ductivity also depends on other habitat conditions such as wave action (WEST- 
LAKE 1963, 1965, DYKYJOV.~. 1971b). 

1 Phragmites australis ((~Av.) TRIN. ex STEUDEL p roves  to be  t he  correct  n a m e  --  cf. CLAYTON 
(1968). 
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S t u d i e s  o n  t h e  p r o d u c t i o n  o f  r e e d  s t a n d s  t e n d  t o  d i s r e g a r d  t h e i r  r o o t s  a n d  r h i z o -  
rue s  a l t h o u g h  t h e  u n d e r g r o u n d  o r g a n s  f o r m  a c o n s i d e r a b l e  p a r t  o f  t h e  t o t a l  h i e -  
m a s s ,  u s u a l l y  m o r e  t h a n  50  ~ (WEsTLAKE 1965,  1968).  T h e  p r e s e n t  p a p e r  d e a l s  
m a i n l y  w i t h  t h e  u n d e r g r o u n d  o r g a n s  o f  Phragmites  f r o m  t h e  p o i n t  o f  v i e w  o f  
p r o d u c t i o n  eco logy ,  i n  o r d e r  t o  f i nd  a n s w e r s  t o  t h e  f o l l o w i n g  q u e s t i o n s :  (a) W h a t  
i s  t h e  g r o w t h  p e r i o d i c i t y  o f  u n d e r g r o u n d  o r g a n s ?  (b) H o w  d o e s  t h e  c o n t e n t  o f  
r e s e r v e  m a t e r i a l  i n  o l d  a n d  n e w  r h i z o m e s  c h a n g e  w i t h  t h e i r  age  a n d  i n  t h e  c o u r s e  
o f  t h e  g r o w i n g  s e a s o n ?  (c) H o w  m u c h  is  t h e  b i o m a s s  o f  u n d e r g r o u n d  o r g a n s  a n d  
w h a t  is  t h e  r a t i o  o f  u n d e r g r o u n d  t o  a b o v e - g r o u n d  d r y  w e i g h t  i n  Phragmites  
s t a n d s  o c c u r i n g  i n  v a r i o u s  h a b i t a t s ?  (d) H o w  m u c h  is t h e  a n n u a l  n e t  p r o d u c t i o n  
o f  t h e  u n d e r g r o u n d  o r g a n s  ? 

T h e  w o r k  r e f e r r e d  t o  i n  t h i s  p a p e r  f o r m e d  p a r t  o f  t h e  C z e c h o s l o v a k  I B P  p r o j e c t s  
P T / 5  a n d  P P - P / 3  (see I B P  N e w s  N o s  13 a n d  14). 

M A T E R I A L  A N D  M E T H O D S  

A s s e s s m e n t  o f  g r o w t h  p e r i o d i c i t y  a n d  o f  s e a s o n a l  c h a n g e s  i n  
c a r b o h y d r a t e  c o n t e n t  i n  t h e  u n d e r g r o u n d  o r g a n s  

During the  1972 growing season, on seven successive dates (10. 3 ,  6. 5., 22. 5., 27. 6., 31.7. ,  
28. 8. and 25.9.) 5 to 6 terminal  shoots were sampled from a l i t toral  s tand of Phragmites in the  
SE. par t  of the Nesyt fishpond (48o47 ~ N, 16o43' E;  a l t i tude 175 m; eutrophic and  fertilized fish- 
pond). The bot tom was a mineral-rich sandy clay containing in the  top layer a t  0 to  20 cm in 
mg per 100 g dry weight: Ca 2+ 1229.1; Mg2+ 217.1; K + 17.5; C 5.6 %, N 0.57 %. The water  level, 
while the  fishpond is filled wi th  water, varies between -b 10 to -t- 40 cm during the  growing 
season. In  1971, with  the  fishpond filled only par t ly ,  the  underground water  table varied bet- 
ween -- 10 to -- 25 cm. The shoot length, weight, and  the  dry weight of leaves, s tems and  inflo- 
rescences were estimated. The plant  material  was oven-dried a t  60 0C and  weighed. The growth 
characteristics, i.e. ra te  of dry mat te r  production (RDP) and relative growth rate  (RGR) were 
calcuted according to the  following formulae" RDP = ( W 2 -  WI) .  ( $ 2 -  tl) -1, RGR = 

( I~Wz--  1EzW1) �9 (t2 -- tl) -1 (Kv~T et al. 1971). These values are related to one terminal  
shoot. 

In  addi t ion to the  above-ground organs, the upper par t s  (approximately 40 to 50 cm long) of 
the  5 to 6 vertical rhizomes bearing the  terminal  shoots were sampled (i.e., even-aged rhizomes 
formed during the preceding year  1971 ) and  so were all new rhizomes (both vert ical  and  horizontal) 
growing from these old vert ical  rhizomes (see Fig. 1). The roots selected for analysis were sampled 
close  to the  terminal  shoots, from 3 to 4 monoli ths  s i tuated below a surface area of 25 cm • 
25 cm, to the depth of 25 cm. 

In  order to determine the  to ta l  carbohydrate  content ,  fresh rhizomes and  roots (4 parallel 
samples) were bydrolysed for three hours in 2 % HC1 over a water ba th  and analyzed by NELSON'S 
(1944) modification of SOMOGY'S colorimetric method for the  determinat ion of reducing sugars. 

The volume of bo th  old and  new rhizomes was determined in a calibrated glass cylinder 
(JENiK 1954; 96). The bulk densi ty of rhizomes (dry weight/fresh volume) was then  calculated. 

The actual  growth ac t iv i ty  of the underground organs of Phragmites was es t imated according 
to the dehydrogenase ac t iv i ty  in the roots and rhizomes (KvBixov~+ 1971), using SATOR et BOM- 
MER'S (1971) modification of the  method described by JA~BOR (1960). For  details see FIALA 
(1973b, d). The to ta l  carbohydrate  content  and dehydrogenase act iv i ty  are related to dry weight 
es t imated a t  105 0C. 

A s s e s s m e n t  o f  r e s e r v e  m a t e r i a l  c o n t e n t  i n  r h i z o m e s  o f  v a r i o u s  
a g e  

Differences in the  content  of reserve material  in Phragmites rhizomes of various age were 
ascertained in the reed s tands  a t  the  nor thern edge of the  Nesyt fishpond a t  the  end of the 1971 
growing season (30th October). The hab i ta t  characterist ics are given in the  next  paragraph.  
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The 4 to 5 vertical  rhizomes of each age category, sampled f rom the s t and  to the  approximate  
dep th  of 50 cm below soil surface, included: young  new rhizomes, which had  appeared in the 
course of the year  1971 and  bore a te rminal  bud  each; rhizomes in their  second growing season, 
i.e., those  bearing a l iving terminal  shoot  and  giving rise to lateral rhizomes wi th  h ibernat ing  
buds  for the next  (third) season; and  so on up  to rhizomes in their  th i rd  or four th  growing season. 
The to ta l  ca rbohydra te  content ,  rhizome volume, and  bulk densi ty were es t imated  using tho 
methods  given in the  preceding paragraph.  

E s t i m a t i o n  o f  t h e  u n d e r g r o u n d  b i o m a s s  in  v a r i o u s  h a b i t a t s  

Eight  Phragmites s t ands  were studied in six localities in three regions of  Czechoslovakia: 
sou thern  Bohemia (in the  vicini ty  of T~ebofi, 490 N, 14046' E; al t i tude 425 m to  440 m, cl imate 
t empera te  and modera te ly  h u m i d  wi th  mild winters  -- according to VESECX? et al. (1958); 
sou thern  Moravia (48047' to  59' N, 16043' to 57" E, a l t i tude 175 to  190 m, cl imate w a r m  and  dry  
wi th  mild winters  and  prolonged sunshine);  sou the rn  Slovakia (approximately 70 km SE. of  Bra- 
t is lava,  47047' N, 17044' :F, a l t i tude 110 m, cl imate w a r m  wi th  mild winters  and prolonged sunsh- 
ine). The s tands  were s i tua ted  in the  l i t torals  of  managed  flshponds (Ro~imberk -- SW. shore, 
alt .  425 m, 49003' N, 14048' E;  Opatovick~ f ishpond -- type  V in the central  p a r t  of the E. shore, 
alt .  440 m, 48059' N, 14046" E;  Nesy t  f ishpond -- N. shore, alt. 175 m, 48o47' N, 16043' E;  ~ak- 
vick~ i lshpond -- SW. shore, alt. 170 m, 48053' N, 16043' E), in swamps  on flooded arable land 

c o l  
5 0  c m  

:Fig. 1. Schematic representa-  
t ion  of  underground  and above- 
g r o u n d  organs in Phragmites 
(ts -- terminal  shoots ,  ls --  la- 
tera l  shoots,  v rh  -- vert ical  
rhizomes,  h rh  -- hor izonta l  
rhizomes, n rh  -- new rhizomes,  
o rh  -- old rhizomes, hr  -- ho- 
r izontal  ro()ts and  the i r  bran-  
ches, vr  -- vertical  roots  and  

their  branches).  

t s  
t $  
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(Kobyl i  --  types M and  V -- in the  former Kobyl i  Lake -- 20 km NW. of  the  t o w n  of H o d o n  in  
al t .  180 m, 48o59' N, 16057' E), in the  euli t toral  of  a pond  wi th  a b u n d a n t  supp ly  of waste-water  
f r o m  a pig-farm (Opatoviek3~ fishpond -- type  S -- central  pa r t  of  the  E. shore, air. 440 m, 
48 ~ N, 14046' E), and  in a periodically flooded p a r t  of an  oxbow lake at  the Danube  r iver  (Lake 
Lion -- SW. par t ,  alt. 110 m, 47047 ' N, 17~ ' E). 

Table 2. The season wi th  daily t empe ra tu r e  averages higher  t h a n  
10 0C, mean  dates of  the  beginning,  the  end and  the i r  
dura t ions  in the years  1901--1950 in sou thern  Bohemia,  
sou the rn  Moravia and  sou the rn  Slovakia according to t he  
Hydrometeorological  I n s t i t u t e  in Prague.  

Beginning E n d  N u m b e r  of days  

8. Bohemia  
T~ebofl 29.4.  2.10.  157 

S. Moravia 
Ledniee 19.4. 10. 10. 175 
Hodon in  16.4. 13. 10. 181 

S. Slovakia 
KomArno 14.4. 16. 10. 186 

Table 3. Chemical features  of soil of the  different Phragmites communis s tands  studied. 

S. Bohemia  S. Moravia S. Slovakia 

.~ > 
.o 
> = 

rn 

p H  (KC1) 0- -20  4.55 5.35 
40--50 5.30 4.40 

CaC03 (%) 0- -20  -- 0.02 
40- -50  -- 0.02 

Ca 2+ (mg/100 g d.w.) 0 - -20  32.2 69.4 
40--50 20.0 82.2 

Mg 2+ (rag/100 g d.w.) 0 - -20  3.0 22.3 
40--50 -- 3.0 

P -- P205 (mg/100 g d . w . )  0- -20  0.2 0.2 
40--50 -- 0.2 

K + (mg/100 g d . w . )  0- -20  4.25 3.3 
40--50 0.8 5.8 

Na + (rag/100 g d . w . )  0 - -20  1.5 2.9 
40--50 0.7 4.5 

C (%) 0- -20  0.9 1.6 
40--50 0.2 0.3 

N (%) 0- -20  0.09 0.21 
40--50 0.04 0.13 

4.45 7.5 
4.10 7.6 7.6 

- -  7.7 9.4 
- -  7.4 8.4 

357.5 1416.1 1297.7 
55.8 1043.9 1172.6 
77.2 518.6 280.4 
-- 536.7 500.5 
2.2 -- 0.1 

19.9 16.6 9.6 
1.7 8.3 6.6 

16.3 59.4 67.6 
2.9 96.5 117.2 

22.8 3.4 3.2 
1 . 2  2.9 3.0 
2.80 0.51 0.35 
0.25 0.53 0.84 

7.52 7.25 6.35 7.20 
7.30 6.65 7.35 
7.6 0.3 12.0 

16.0 0.33 23.0 
1093.9 200.2 875.2 
986.7 143.0 1270.6 
151.9 174.9 103.1 
158.6 241.2 51.3 

0.45 0.65 0.2 
0.2 0.85 0.2 
8.3 12.45 3.3 
4.9 7.5 3.3 
7.4 10.8 10.4 
6.7 9.6 14.1 
5.9 3.5 2.1 
0.4 0.7 1.5 
0.93 0.35 0.41 
0.14 0.08 0.28 
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The  pr inc ipa l  c l ima t i c  cha rac t e r i s t i c s  of  t h e  reg ions  a re  s u m m a r i z e d  in  Tab .  1. T h e  differences 
in  t h e  beg inn ing  a n d  a p p r o x i m a t e  d u r a t i o n  o f  t h e  g rowing  season  are  s h o w n  in Tab .  2. The  soil 
p ro te r t i e s  o f  t he  h a b i t a t s  a re  s u m m e d  up  in Tab .  3 a n d  d i scussed  in  a n o t h e r  p a r t  (p. 243 )o f  t h i s  
paper .  The  m e t h o d s  o f  soil  chemica l  ana lyses  a re  descr ibed  in t h e  n e x t  p a r a g r a p h .  The  species  
compos i t i on  of  the  s t a n d s  is charac te r i zed  by  d o m i n a n t  Phragmites communis w i t h  re la t ive ly  
few o ther  cha rac te r  species  o f  bo t h  t he  a s soc ia t ion  Scirpo-Phragmitetum W. KOCH 1926 a n d  t h e  
al l iance Phragmition communis W. KOCH 1926, see  Tab .  4). 

Tab le  4. Species c o m p o s i t i o n  o f  t h e  e igh t  Phragmites communis s t a n d s  s t u d i e d  ( a b u n d a n c e  + 
d o m i n a n c e  e s t i m a t e d  accord ing  to BRAuN --  BLANQ~:rET). 

S. B o h e m i a  S. Morav ia  S lovakia  S. 

Ro~m-  Op.ato- Opa to -  
, , v m ~ y  vick:~ Koby l i  Koby l i  N e s y t  ~ak-  
Der~ V S M V viek:~ 

L ion  

D a t e  10.8 .  l l .  8. 14 .10 .  24 .10 .  24 .10 .  3 .7 .  2 . 7 .  1 .7 .  
1968 1968 1969 1968 1968 1969 1969 1969 

Area  in s q . m  100 100 100 100 100 100 100 100 
W a t e r  d e p t h  in cm  50 L.* T.** T.  T.  3 0 - - 5 0  50 10 
Cover  degree i n %  90 95 100 10O 90 95 100 90 

Phragmites communis TRL~. 
Typha latif olia L. 
Persicaria amphibia (L.) 

S. F.  GRAY 
Lythrum salicaria .L. 
Lycopus europaeus L. 
Calystegia sepium (L.) R .  BR. 
Galium palustre L. 
Carex riparia CURT. 
Cicuta virosa L. 
Myosotis arvensis (L.) HILL 
Cirsium arvense (L.) ScoP. 
Myriophyllum verticillatum L. 
Ceratophyllum submersum L. 
Lemna gibba L. 
Lemna minor L. 

5 5 5 5 5 5 5 5 
1 

§ 
1 

+ 

r 

2 - - 3  
r 

5 

*) L imosa l  ecophase .  
**) Ter res t r ia l  ecop]aase. 

The  b iomass  of  b o t h  above-  a n d  u n d e r g r o u n d  o rgans  o f  Phragmites was s a m p l e d  in  t h e  a u t u m n  
m o n t h s  of  t h e  years  1968 a n d  1969; a t  t h a t  t i me ,  t h e  local i t ies  were no t  f looded (af ter  t he  f ish- 
p o n d s  h a d  been cropped) ,  or  were ar t i f icial ly d ra ined ,  or  were in  a te r res t r ia l  ecophase  ( I - I E J ~  
1960) a f te r  a per iod o f  d r o u g h t .  

A line t r ansec t ,  a b o u t  30 m in l enght ,  was  la id  d o w n  in  each  s t and ,  para l le l  w i t h  t h e  shore.  
The  shoo t  dens i t y  a n d  t he i r  b iomass  were e s t i m a t e d  d e s t r u c t i v e l y  in  10 s a m p l i n g  p lo t s  (0.5 m • 
1.0 m),  se lected a t  r a n d o m  in  each  t r ansec t .  

The  soil profile was  u n c o v e r e d  a t  t he  shor te r  s i tes  (0.5 m wide) of  5 (out  of  10) s a m p l i n g  p lo ts  
chosen  for t h e  e s t i m a t i o n  o f  shoo t  b iomass .  T he  pos i t ions  o f  all  r h i zomes  cu t  b y  t h e  ver t ica l  p lane  
o f  each  of  t he  5 profile wal ls  were m a p p e d  ou t  b y  m e a n s  o f  a g r id  of  100 cm 2 squares .  T h e  n u m b e r  
o f r h i z o m e s  in  t he  profile wal l  a n d  t h e  ver t ica l  d i s t r i bu t ion  of  rh i zomes  were a s sessed  f r o m  these  
ske t ches  (SCHVRMANN et  GOEDEWANGE~ 1965). T he  d i a m e t e r s  of  the  cu t  r h i zomes  were also 
m e a s u r e d .  
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I n  addi t ion ,  5 m o n o l i t h s  were Lifted for t h e  d e t e r m i n a t i o n  of  u n d e r g r o u n d  b iomass .  T h e y  were 
t a k e n  a long t h e  profile wal l  a t  each  s amp l i ng  p lo t  below a n  a rea  of  25 c m  • 50 c m  to t h e  dep th  
o f  80 to  100 c m  (according  to  t he  p e n e t r a t i o n  o f  r h i zomes  in to  t he  subs t ra te ) .  T h e  rh i zomes  were 
p icked  f rom t h e  m o n o l i t h s  and ,  accord ing  to  t he i r  eolour  a n d  eos is tency ,  t h e  Living a n d  dead  
rh izome8 were separa ted .  
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Fig.  2. (A) Course of  t h e  m o n t h l y  averages  of  a i r  t e m p e r a t u r e s  a n d  m o n t h l y  to t a l s  o f  s u n s h i n e  
d u r a t i o n  a t  Ledn ice  d u r i n g  t h e  yea r  1972. --  (B) B i o m a s s  changes  in  shoots ,  leaves  a n d  inflo- 
reseences  of  Phragmite~ communis (in g/1 shoot)  arid shoo t  g r o w t h  in Legth (ir~ m) du r ing  t h e  1972 
g rowing  season.  - -  (C) Seasonal  course  o f  t o t a l  c a r b o h y d r a t e  cor~t~nts in  t h e  roo t s  a n d  n e w  a n d  

old r h i z o m e s  of  Phragmites communis (in % of  d ry  weight) .  
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The  roo t  d ry  we igh t  was  e s t i m a t e d  only  f r o m  t h e  u p p e r  pa r t  o f  t he  profile (to t h e  d e p t h  of  
20 e m  below t h e  25 e m •  50 e m  plot).  T h i s  co r responds  a p p r o x i m a t e l y  to 70 to  80 % of  t h e  t o t a l  
roo t  d ry  we igh t  (FrALA, unpub l i shed ) .  T he  soil was  w a s h e d  ou t  f r om the  s amp le s  w h i c h  h a d  been  
p u t  in to  s i lon bags  (mesh  size 1 ram).  T h i s  was  done  e i the r  i m m e d i a t e l y  in  t h e  f l shpond  wate r ,  
or  a t  some o the r  su i t ab le  place.  T he  loss of  t he  r o o t s  d u r i n g  w a s h i n g  r ep resen ted  less t h a n  2 % of  
t h e i r  t o t a l  d ry  we igh t  ( H u s i K  1971, FIALA 1973d). The  p l a n t  ma te r i a l  was  oven-dr ied  a t  800 
to  90 0C. 

P a t t e r n  ana lyses  were p e r f o r m e d  in all e ight  Phragmites s t a n d s  accord ing  to  K~RSHAW (1964: 
104--129) .  A n o t h e r  t r a n s e c t  (25.6 m long  and  0.1 m wide) was  la id  down para l le l  w i t h  t he  l ine 
t r an sec t .  I t  cons i s t ed  o f  256 bas ic  u n i t s  o f  10 cm )< l0  cm.  The  n u m b e r  of  s t e m s  recorded  in each  
o f  t he se  bas ic  un i t s  was  u sed  for t he  ca lcu la t ion  o f  t h e  dependence  o f  m e a n  s q u a r e  (va r iance  of  
s h o o t  d e n s i t y  pe r  block) on  b lock  size. 

Soil ana lyses  were p e r f o r m e d  a t  t h e  l abo ra to ry  o f  t h e  F o r e s t r y  R e s e a r c h  I n s t i t u t e ,  S t a t i o n  
OpoSno, u n d e r  t he  supe rv i s i on  o f  Mr. J .  VACEK. The  ava i lab le  n u t r i e n t  c o n t e n t  was  assessed  
in  a n  e x t r a c t  w i th  1 %  ci t r ic  ac id:  Ca 2+ a n d  Mg z+ eomplexome t r i ca l l y ,  w i th  f luorexone  and  erie- 
c h r o m e  b lack  T, respec t ive ly ;  K + a n d  :Na + by  f lame p h o t o m e t r y ,  1 ) color imetr ical ly ,  u s ing  t he  
P h o t o - R e x  m e t h o d .  C were a sce r t a ined  oxid imetr ica l ly ,  accord ing  to  SPRINOER a n d  KLEE a n d  N 
a f t e r  KJELDAHL, c a r b o n a t e  was  wi th  JA~KO'S l i m e m e t e r ,  p H  po ten t iomet r i ea l ly .  Fo r  all  m e t h o d  
u s e d  see HRA~KO et  al. (1962). 
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RESULTS 

G r o w t h  p e r i o d i c i t y  a n d  s e a s o n a l  v a r i a t i o n  o f  r e s e r v e  m a t e r i a l  
in  t h e  u n d e r g r o u n d  o r g a n s  

The relationship between the seasonal course of growth in Phragmites shoots 
and the changes in the total  carbohydrate content  in the roots, old and new rhizo- 
mes is shown in Fig. 2. At the end of April and in the first half of May, considera- 
ble amounts of reserve material were supplied from the rhizomes to the above-ground 
organs. This obviously determined the initial rapid shoot growth. In  the old rhizo- 
mes during the spring, the total carbohydrate content decreased by some 35 % 
to 40 % of the highest spring value. Both fresh and dry  weight of the rhizomes 
thus became less. The bulk density of the old rhizomes also decreased by about 
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30 ~ (Fig. 3). The e m p l o y m e n t  of reserve mater ia l  for the rapid  in i t ia l  shoot 
growth  results in  a lmos t  complete fo rmat ion  of the above-ground  s tand  par ts  
dur ing  May and  June .  The highest  values of bo th  relat ive growth ra te  in  the shoots 
and  average dai ly  ra te  of shoat  dry  m a t t e r  p roduct ion  were recorded between 
May 22 and  J u n e  27 (Fig. 4). 
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Fig. 4. (A) Course of the average rate of dry matter production (RDP in g/day) and relative 
growth rate (RGR in g/g/day) in one aerial shoot of Phragmites communis during the 1972 growing 
season. -- (B) Periodicity of the growth of roots and rhizomes of Phragmite8 communis (expressed 
in relative units of extinction/1 g dry matter). The arrow denotes the approximate beginning of 

growth of the aerial shoot. 
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On the other hand, during July and August, reserve material became accumulat- 
ed not only in the new rhizomes, most of which had obviously been formed during 
July, but also in older living rhizomes of Phragmites. At the end of the growing 
season, the total carbohydrate content (expressed as percentage of fresh weight) in 
the old rhizomes surpassed the content recorded at the end of May by a factor 
of 2 (Fig. 3). Unlike the carbohydrate content, the bulk density began to increase 
at the end of May; at the end of July it was twice that recorded after the spring 
exhaustion of reserves, and its autumn values surpassed 0.3 g/cm 3 (Fig. 3). The 
content of total carbohydrate per unit dry weight found in previous year's Phrag- 
mites rhizomes in spring exceeded, by 6 to 12 %, the content assessed in the same 
rhizomes, now about one-year old at the end of the growing season. Most probably 
more reserve material is taken out of these rhizomes for shoot growth than is 
returned back to them by the shoots. 

The Phragmites roots display two periods of marked growth. The first, spring, 
period comprises the end of April and early May, the other, autumn, period occurs 
chiefly in September (Fig. 4). In spring, the roots grew mainly from the vertical 
rhizomes, mostly in the upper humus layer. In autumn, most of the strong vertical 
roots were formed, growing from plagiotropic rhizomes. 
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F ig .  5. Schemat ic  rep resen ta t ion  o f  a b o v e - ~ o u n d  organs in  eigh~ stands o f  Phragmites communi8 
s tud ied .  Recorded  in  t h e i r  m a x i m u m  biomass.  
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U n d e r g r o u n d  b i o m a s s  i n  v a r i o u s  h a b i t a t s  

The  e ight  Phragmites s t ands  s tud ied ,  s c h e m a t i c a l l y  d e p i c t e d  in  Fig.  5, g rea t ly  
differed in t he i r  s t ruc tu re .  On the  one hand ,  some of  t he  s t a n d s  were t a l l  (5 m, 
in  L ion  Lake ,  ~ a k v i c k ~  fishpond),  while  o the r s  were r e l a t i ve ly  low ( abou t  2 m, 
R o ~ m b e r k  f ishpoud).  A n o t h e r  difference concerned  s t ands  which  grew in  much  
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Fig. 6. Compariuon of shoot pattern (expressed in values of mean square against block size, for 
details see text) in eight stands of Phragmites communis studied. 
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Table 5. The mean values of shoot, rhizome and  root dry  weight and other  characteris t ics  
in the  eight Phragraites cornmunis s tands studied. 

S tand  Lion ~akvick:~ Kobyli  V 
Date  2. 10. 1969 15. 11. 1968 24.10.1968 

Mean (x), s tandard error (s~), 
var ia t ion  coefficient (V) �9 s~ V(%) �9 s~ V(% ) x s~ V(% ) 

1. Shoot densi ty (no. per 1 m 2) 35.0 3.6 32.9 53.2 4.4 26.3 76.4 5.6 23.2 
2. Shoot biomass (g/m 2) 1855 192 32.7 1415 143 21.2 932 65 15.5 
3. Rhizome density 

(no. per 1 m wide profile wall) 24.4 4.2 38.6 33.2 2.5 16.8 42.0 3.4 18.1 
4. Rhizome diameter  (cm) 2.45 0.12 36.8 2.17 0.07 29.5 1.82 0.05 25.7 
5. Living rhizome biomass (g/m 2) 3159 -- --  2181 224 23.0 1949 154 17.7 
6. Dead rhizome biomass (g/m 2) -- - -  - -  530 175 73.9 144 19 80.0 
7. Root biomass 

(g/m 2, soil layer 0 to 20 cm) 193 27 30.8 469 54 25.8 712 239 74.9 
8. Underground biomass, 

5 + 7 (g/m 2) 3352 -- -- 2650 191 16.1 2661 327 27.5 
9. Rhizome biomass: 

above-ground biomass 1.70 -- -- 1.54 -- -- 2.06 -- -- 
10. Root  biomass: 

above-ground biomass 0.10 -- -- 0.33 -- -- 0.76 -- -- 
11. Undergr. biomass: 

above-ground biomass 1.81 -- -- 1.87 -- -- 2.86 -- -- 
12. Net  production of rhizome, 

5:rhizome age (g/mZ/year) -- -- -- 550 . . . . .  

t h e  s a m e  h a b i t a t  b u t  d i f f e r e d  i n  t h e  m o r p h o l o g i c a l  s t r u c t u r e  o f  t h e i r  s h o o t s  ( K o b y l l  
L a k e ,  t y p e  V - -  r e l a t i v e l y  t h i c k  s t e m s  w i t h  b r o a d  l e a v e s  a n d  c o n s p i c u o u s l y  l a r g e  
i n f l o r e s e e n c e s ,  K o b y l l ,  t y p e  M - -  t h i n  s t e m s  w i t h  n a r r o w e r  l e a v e s  a n d  s m a l l  
i n f l o r e s c e n c e s ) .  T h e  l o o s e s t  ~ t a n d  w a s  t h a t  a t  t h e  L i o n  L a k e  (35 s h o o t s / m  2, a v e r a g e  
v a l u e s ) ,  w h i l e  t h e  d e n s e  s t a n d  a t  t h e  R o ~ . m b e r k  f i s h p o n d  c o n t a i n e d  u p  t o  135 
s h o o t s / m  2. I n  m o s t  i n s t a n c e s ,  t h e  n u m b e r  o f  s h o o t s  p e r  1 m 2 v a r i e d  f r o m  70 t o  
80  ( K o b y l l  L a k e ,  t y p e  V,  N e s y t  f i s h p o n d ,  O p a t o v i c k ~  f i s h p o n d ,  t y p e  V, O p a t o v i c k : ~ ,  
t y p e  S; - see  T a b .  5). 

T h e  Phragmites s t a n d s  c a n  b e  d i v i d e d  i n t o  t w o  g r o u p s  a c c o r d i n g  t o  t h e  h o r i z o n -  
t a l  p a t t e r n  o f  s h o o t  d e n s i t y ,  r e s u l t i n g  i n  t u r n  f r o m  t h e  c h a r a c t e r  a n d  i n t e n s i t y  o f  
t i l l e r i n g .  T h e  f i r s t  g r o u p  c o m p r i s e s  s t a n d s  w i t h  s h o o t s  f o r m i n g  s m a l l  p r i m a r y  
c l u s t e r s  ( a b o u t  10 t o  2 0  e m  i n  d i a m e t e r ) ,  r e f l e c t i n g  t h e  m o r p h o l o g i c a l  p r o p e r t i e s  
o f  t h e  spec ies ;  t h e  s e c o n d a r y  c l u s t e r s  a re  a p p r o x i m a t e l y  160 or  80 c m  i n  d i a m e t e r  
( K o b y l i  L a k e ,  t y p e  M, O p a t o v i c k : ~  f i s h p o n d ,  t y p e  S, L i o n  L a k e ,  N e s y t  f i s h p o n d ) .  
T h e  o t h e r  g r o u p  c o m p r i s e s  s t a n d s  w i t h  p r i m a r y  c l u s t e r s  o f  t h e  s a m e  size,  b u t  t h e  
s e c o n d a r y  c l u s t e r s  a r e  a b o u t  3.2 m i n  d i a m e t e r  ( K o b y l i  L a k e ,  t y p e  V ;  O p a t o v i c k ~  
f i s h p o n d ,  t y p e  V;  ~ a k v i e k ~  f i s h p o n d ;  R o ~ m b e r k  f i s h p o n d ) .  T h e  S - t y p e  Phragmites 
s t a n d s  a t  t h e  O p a t o v i c k ) ~  f i s h p o n d  a n d  t h e  M - t y p e  s t a n d  a t  t h e  K o b y l i  L a k e  
c o n t a i n e d  e v e n  l a r g e r  c l u s t e r s  o f  a b o u t  6 .4  i n  d i a m e t e r .  I n  t h e  r e l a t i v e l y  y o u n g  
Phragmites s t a n d s  a t  t h e  K o b y l l  L a k e ,  t h e  c l u s t e r s  ( b o t h  1.6 a n d  3 .2  m i n  d i a m e t e r )  
w e r e  o b v i o u s l y  m o r e  c o n s p i c u o u s  as  t h e s e  s o u r c e s  o f  h e t e r o g e n e i t y  w e r e  m o r e  
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Kobyli  M Ro~mberk Opatovick:~ V 1Nesyt Opatovick:~ S 
22. 10. 1968 20. l I .  1968 11. 10. 1969 19. 11. 1969 14. 10. 1969 

s~ V(%) �9 s~ V(%) �9 s~ V(%) �9 s~ V(%) �9 s~ V(%) 

92.6 7.4 25.4 135.2 8.1 18.9 73.4 4.4 18.9 76.4 3.2 13.2 71.8 
1039 160 34.5 867 70 18.1 1199 94 24.8 1242 89 22.7 779 

45.6 4.8 23.5 61.6 8.2 29.7 88.4 14.4 36.3 48.8 8.6 39.4 86.0 
1.62 0.05 35.2 1.30 0.03 31.2 1.32 0.03 33.2 2.09 0.07 37.9 1.74 

2495 208 16.7 2249 205 20.4 4789 161 7.5 3753 422 22.5 4496 
236 51 43.5 1131 192 37.9 1119 124 19.3 1345 256 38.0 -- 

1064 141 29.5 918 129 31.5 84 16 41.I 1374 21 3.5 3605 

3569 378 21.2 3166 317 22.4 4873 I65 7.6 5128 429 16.7 8101 

2.40 -- -- 2.59 -- -- 3.99 -- -- 3.02 -- -- 5.49 

1.02 -- -- 1.06 -- -- 0.07 -- -- 1.11 -- -- 4.40 

3.42 -- -- 3.65 -- -- 4.06 -- -- 4.13 -- -- 9.89 

. . . . . . . . .  940 -- -- -- 

5.1 22.6 
75 30.4 

16.2 37.7 
0.05 35.3 
393 17.5 

457 25.3 

413 10.2 

i m p o r t a n t  i n  t h e s e  y o u n g  s t a n d s  t h a n  i n  t h e  o t h e r s ,  w h i c h  w e r e  o l d e r  (Fig .  6). A v e r -  
a g e  a b o v e - g r o u n d  b i o m a s s  v a r i e d  f r o m  779 g / m  2 ( O p a t o v i c k : ~  f i s h p o n d  t y p e  S) t o  
1855 g / m  2 ( L i o n  L a k e  - -  T a b .  5, a l l  t h e  s h o o t  b i o m a s s  w e r e  a s s e s s e d  i n  a u t u m n ) .  

T h e  p e n e t r a t i o n  o f  Phragraites r h i z o m e s  i n t o  t h e  d e e p e r  l a y e r s  o f  v a r i o u s  
s u b s t r a t e s  a n d  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  t h e  r h i z o m e s  i n  t h e  p ro f i l e  w a l l  (i. e_, 
n u m b e r s  o f  r h i z o m e  s e c t i o n s  e n c o u n t e r e d  i n  a soi l  p rof i l e  w a l l  1 m wide )  a r e  s h o w n  
i n  F ig .  7. T h e  Phragmites r h i z o m e s  g rew,  p r o b a b l y  i r r e s p e c t i v e  o f  t h e  c h a r a c t e r  o f  
t h e  s u b s t r a t e ,  m o s t l y  t o  t h e  d e p t h  o f  5 0  t o  70  c m  b e l o w  t h e  b o t t o m  s u r f a c e ;  i n  t h e  
s t a n d s  o f  t h e  R o ~ m b e r k  f i s h p o n d ,  t o  t h e  d e p t h  o f  o n l y  40  t o  50  c m .  T h e y  r e a c h e d  
t o  t h e  g r e a t e s t  d e p t h  i n  t h e  V - t y p e  s t a n d  a t  t h e  O p a t o v i c k : ~  f i s h p o n d  ( m a x i m u m  
d e p t h  70 t o  80  cm )  a n d  i n  t h e  s t a n d s  o f  t h e  L i o n  L a k e  (90 t o  100 cm) .  M o s t  rh i zo -  
rues  w e r e  u s u a l l y  r e c o r d e d  i n  t h e  10 t o  30  c m  l a y e r  i n  m o s t  s t a n d s .  T h e  n u m b e r  
o f  r h i z o m e s  i n  t h i s  l a y e r  u s u a l l y  v a r i e d  b e t w e e n  20  t o  30 ( t h e  w i d t h  o f  t h e  wa l l  
b e i n g  1 m).  I n  a d e e p e r  l a y e r  (30 t o  50  cm) ,  t h e  g r e a t e s t  n u m b e r  o f  r h i z o m e s  w a s  
f o u n d  o n l y  i n  t h e  V - t y p e  Phragmites s t a n d  a t  t h e  O p a t o v i c k s i  f i s h p o n d  a n d  a t  
t h e  L i o n  L a k e .  I n  t h e  l a t t e r  case ,  8 r h i z o m e s  we re  p r e s e n t  i n  t h i s  ~ayer  o n  t h e  
a v e r a g e ,  w h i l e  38  r h i z o m e s  w e r e  p r e s e n t  i n  t h e  V - t y p e  Phragmites a t  t h e  Opa tov ick3~  
f i s h p o n d ,  w h i c h  is  t h e  a b s o l u t e l y  h i g h e s t  a v e r a g e  v a l u e  r e c o r d e d .  

T h e  a v e r a g e  t o t a l  n u m b e r  o f  r h i z o m e s  p r e s e n t  i n  t h e  1 m w i d e  p rof i l e  wa l l  
v a r i e d  f r o m  24 .4  ( L i o n  L a k e )  t o  88.4  (Opa tov ick3~  f i s h p o n d  t y p e  V - -  see  T a b .  5 
a n d  F ig .  8). A n e g a t i v e  c o r r e l a t i o n  a p p a r e n t l y  e x i s t s  b e t w e e n  t h e  n u m b e r  o f  rh i zo -  
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rues in  the profile wall  and  their  d iameter  (Fig. 9). The average rhizome d iamete rs  
were smallest  - -  1.30 and  1.32, respectively,  i n  the s tands  a t  the  Ro~mberk  
f ishpond and  of the V- type  a t  the Opatovick:~ fishpond, wi th  the greates t  n u m b e r s  
of rhizomes found in  the  profile walt; the average rhizome d iameter  was the  largest  
of all, 2.45 cm (Fig. 8), i n  the s t and  at  the  Lion Lake, wi th  a small  n u m b e r  of  
rhizomes. 
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Fig. 7. Distribution of the rhizomes of Phragmltes communis into the substrate in 8 stands. -- 
(A) Mechanical composition of soil in various layers of the soil profile (according to KoPEcKS; 
in % of various categories according to grain size: I upto 0.01 mm, II  0.01--0.05 ram, I I I  0.05 to 
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The biomass of the Phragmites rhizomes and roots is given in :Fig. 8. Rhizome 
biomass varied widely in the Phragmites stands from about 2 kg/m 2 (Kobyli Lake 
type V) to almost 5 kg/m 2 (Opatovick~ fishpond type V). A close relation exists 
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between the number  of  rhizomes in the profile wall (in the 30 to 70 cm layer) and 
the total  biomass of Phragmites rhizomes (Fig. 10). The increasing number  of 
rhizomes in this layer (up to 50 to 60 rhizomes) is accompanied by  an increase in 
rhizome biomass. Beyond this number  of rhizomes, their biomass does not increase 
any  more. 

:Fig. 10. Corre la t ion  b e t w e e n  
n u m b e r  of  r h i zomes  ( rh izome 
d e n s i t y  in  t he  30 to  50 c m  layer  
o f  t h e  profile wal l  1 m in 
wid th )  a n d  rh i zome  b i omass  
o f  Phragmites communis (in 

kg/m2). 
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The dry weight of dead Phragmite8 rhizomes varied about  1 kg/m 2 in most 
cases (Tab. 5). The smallest number  of dead rhizomes was found in Phragmites 
stands at  the Kobyl i  Lake:  only 143.5 g/m 2 in the V-type and 236.2 g/m 2 in the 
M-type on the average. This was probably  due to the young age of these stands. 

The dry weighv of the Phragmites roots (in the 0 to 20 cm layer) varied within 
a much wider range than  the rhizome biomass (Fig. 8). The lowest average values 
were recorded in the V-type stand at  the Opatovick~ fishpond and a t  the Lion 
Lake (84.4 g/m 2 and 192.7 g/m 2, respectively). In  four stands, the root biomass 
was about  1 kg/m2; only in the S-type s tand of the Opatovick:~ fishpond did it  
reach the extreme value of 3.6 kg/m 2. 

The totgl biomass of the underground organs (rhizomes and roots) was about  
8 kg/m 2 in the S-type Phragmites stand at  the Opatovick~ fishpond; in the V-type 
and in the Nesyt  fishpond i t  varied about  5 kg/m 2, and in the remaining stands 
about  3 kg/m 2 (Tab. 5). 
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The values of the rhizomes/shoot dry  weight ratio were highly variable ~ appro- 
x imate ly  from 1.5 to 5.5 (Fig. 11, Tab.  5, all ratios were calculated from the a u t u m n  
shoot biomass). In  eutrophic habitats ,  in the limosal to terrestrial ecophases 
(H]~JN~ 1957, 1960) in late summer,  this ratio was the smallest of all (~akvick3~ 
fishpond - -  1.54, Lion Lake - -  1.70). In  habi ta ts  with a relatively well-balanced 
hydrological regime during the growing season, this ratio surpassed 3.0 (Nesyt 
fishpond - -  3.02, Opatovick3~ fishpond, type  V - -  3.99, Opatovick3~, type  S - -  
5.49). 
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The rat io between root dry  weight (in the 0 to 20 cm layer) and above-ground 
dry weight of Phragmites varied from very  low values of  approximate ly  0.1 (Lion 
Lake, Opatovick~ fishpond, type  V) up to 4.4 (Opatoviek3~ fishpond, type  S), 
(Fig. 11, Tab.  5). 

The rat io of total  underground dry  weight to above-ground biomass of Phragmi. 
tes reached values of 1.9 and 1.8 at  the ~akvick3~ fishpond and Lion Lake, respecti- 



F I A L A :  U N D E R G R O U N D  O R G A N S  OF P H R A G M I T E S  C01KMUNIS  243 

re ly .  At  the 0patovicks~ fishpond, S-type,  the  dry  weight of u n d e r g r o u n d  organs  
was obviously  t en  t imes  as high as the  biomass  of above-g round  par t s  (Tab. 5). 
I n  the other  s tands ,  the  ra t io  var ied be tween  2.86 (Kobyl l  Lake,  type  V) and  4.13 
(Nesyt  flshpond). 

The hab i t a t ,  above all the n u t r i e n t  supp ly  a n d  the water  regime a nd  t e m p e r a t u r e ,  
appears  to inf luence the  growth and  p roduc t ion  of unde r g r ound  organs of Phragmi- 
tes in  a highly complex way. I t  is perhaps  the  to ta l  n i t rogen  c o n t e n t  in  the soil 
(0 to 20 cm layer) t h a t  is correlated wi th  the  unde r g r ound  biomass of Phragmites 
most  closely of all factors examined.  This  re la t ionship  was obvious ly  posi t ive  
wi th  respect  to bo th  the  rhizome biomass (regression coefficient r ---- 0.787) a nd  
to  the  d ry  weight  of Phragmites roots (r ~ 0.884). The Phragmites s tands  of the  
0 p a t o v i c k ~  fishpond, V-type,  with a large rhizome biomass and  smal l  n i t rogen  
c o n t e n t  in  the soil, were the only  except ion;  in  this  case, however,  the  f ishpond 
water  is pol lu ted  wi th  waste-water  f rom a n e a r b y  pig-farm. A posi t ive  correlat ion 
was also establ ished be tween  to ta l  ca rbon  con t e n t  in  the  soil a nd  root  d ry  weight  
(r ---- 0.889). 

DISCUSSION 

S e a s o n a l  c h a n g e s  i n  t h e  g r o w t h  o f  u n d e r g r o u n d  o r g a n s  

The following stages can be considered as basic componen t s  of the  seasonal  
growth  cycle of Phragmites unde rg round  organs:  growth  of new roots  a n d  rhizomes, 
the  accumula t ion  of reserve mater ia l  in  rhizomes and  roots a nd  exp lo i t a t ion  of  
these  reserves, dying-off  of old u n d e g r o u n d  organs and  the i r  subsequen t  de- 
composi t ion .  

As far as the seasonal changes of rhizome growth are concerned, TROUG:~TON (1957) summarizes. 
the observations of several authors as follows: "There seem to be few common features between 
the accounts of the seasonal cycle of rhizome growth." (1.c.: 34). Nevertheless, the intense growth 
of Phragmites rhizomes in summer (a period with the most favourable climatic factors, above 
all radiation input and temperature), when the leaf area index reaches its largest values and the 
above-ground biomass is almost maximum (Kv~T et al. 1969, DYKYJOVA et al. 1970, KV~T et 
SVOBODA 1970, H~:S~X 1971, VAN DER VALE et BLISS 1971, KV]~T 1971) is paralelled by the highest~ 
rate of rhizome growth in other plants as well (IwAxI et al. 1969, KI~URA 1970a, FIALA 1970a, 
1971a, 1971b, BERNARD 1974). 

The intense growth of Phragmites roots recorded in spring and autumn corresponds to the 
data describing root growth of terrestrial plants (e.g., STUCKEY 1941, KOTA~SKA 1967, 1970, 
1973, PI~AT 1969, KIMURA 1970a, NILSSON 1970, TROUGHTON 1970, SPEIDEL et WEISS 1971, 
1972, DRUZINA et al. 1973, TITLJANOVA et ~ATOCHII~A 1974). Among helophytes, the lowest 
summer values and the highest spring or autumn values of underground biomass were recorded 
in Glyceria maxima (HARTM.) HOLMB. by WESTLAKE (1966), in Equ~etum fluviatile (L.) em. 
E~R~. by NIEMI et KANSANEN (1973), and in Carex rostrata STOKES and C. lacustris by BERNARD 
(1974) and BERNARD et MAcDoNALD (1974). Summer is the period of intense decomposition of 
dead roots (cf. TITLJANOVA et ~ATOCHINA 1974); and this results in a decrease m the total weight 
of underground organs. HOFFMANI~ (1972) reports that the most intense root development occurs 
in many tree species in May to September and remarks: ,,Die widersprechenden Ergebmsse Liber 
die sommerliche Ruheperiode sind wahrseheinlich durch methodische Fehler und durch die Ausser- 
achtlassung'von Witterungseinfliissen bediugt". ("The contradictory results concerning the sum- 
mer period of rest are probably due to faulty methods and to insufficient respect paid to the 
influence of weather." 1.c.: 314). In Phragmites root growth is probably restricted by intense 
growth of new rhizomes and by accumulation of reserve material in both new and old rhizomes. 
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dur ing  Ju ly  and August .  A similar dependence was found in Typha angustifolia L. and  T. lati- 
folia L. (FIALA 1971b, 1973d). 

The age of the Phragmites rhizomes and roots and, above all, their dying-off 
and decomposition receive less attention here than they deserve; they are discussed 
only in part in the following paragraph (p. 248). This represents the greatest gap 
in the present study. 

As in m a n y  other plants,  the  accumulat ion of reserve mater ia l  occurs in Phragmites rhizomes 
mainly  a t  the  end of the  growing season (WooDs et al. 1959, MOOl~EY et BILLINGS 1960, WEIN- 
MANN 1961, SMITa et G~O~ELUESCHEN 1966, IWAKI et MIDORIKAW~. 1968, IWAKI et al. 1969, 
KIMURA 1970a, SPEIDEL ct WEISS 1971, 1972, STEWART et BANNISTER 1973). A course of changes  
in the  carbohydrate  content  in Phragmites rhizomes similar to t h a t  described hero was recorded 
by KRO'rKEVI~ (1966): the highest  content  of starch was observed in Phragmites rhizomes in 
J a n u a r y  (12.5 %), the  m i n i m u m  values were recorded a t  the, beginning of Ju ly  i (1.51%),  while 
in the  a u t u m n  m o n ths  (September, October) an  increase was observed. The m a x i m u m  content  
of reducing sugars was recorded in September (20.61%). The content  of total  carbohydrate ,  
recorded in the  rhizomes and  shoot bases of Typha angust~folia and T. latifolia (one-year-old 
polycormones) in au tumn,  was two to three t imes  tha t  recorded in the  summer  mon ths  (FIALA 
1973b, d). The total  carbohydrate content  varied in the Typha angustifolia and T. latifolla rhizo- 
rues between 20 to 30 % of dry weight in au tumn.  The dura t ion  of the period during which the  
reserve mater ia l  accumulates  in the  underground organs seems to be determined by  cl imatic 
factors. I~OMA~ et al. (1969) report  t ha t  in the  Danube delta the  accumulat ion (in this  case 
of phosphorus),  in rhizomes of Phragmites takes place in September and  often also October a nd  
November.  In  Central Europe, the  photosynthe t ic  ac t iv i ty  of Phragmites suffers a conspicuous 
decrease a t  the  end of September (BuRIAN 1969, 1971); the  accumula t ion  of reserve mater ia l  in 
underground organs comes to an end as well. I n  the  Typha species, accumulat ion of reserve ma-  
terial  apparent ly  takes place later (mostly in September and  October) t ha n  it does in Phragmites 
(FIALk 1973b, d). The difference between the  highest  a u t u m n  bulk densi ty of Typha rhizomes 
and  t h a t  ascertained in these rbizomes in the  subsequent  spring, after reserve mater ia l  ha d  
been used for the  growth of above-ground shoots, corresponded to about  40 % loss irt Typha 
latifolia and  60 % in Typha angustifolia. These differences are relatively higuer t h a n  those re- 
ported in young Phragmites rhizomes.  The increase in the  bulk densi ty of "old" Phragmites 
rhizomes, oceuring during late May and  June  (with the  content  of hydrolyzable carbohydrates  
remaining unchanged) shows t h a t  the  formation of mechanical  t issues probably precedes the  
accumulat ion of reserve material  in one-year-old rhizomes. 

The growth of Phragmites roots both in early spring and in autumn, and ob- 
viously also the formation of hibernating buds, probably draw on the reserve ma- 
terial accumulated in rhizomes (Figs. 2 and 4). The autumnal loss of the reserve 
material deposited in the underground organs and shoot bases of other plants is 
explained in this way by WEI)rMA~ (1948), TROUGtITON (1951), MUT0~ et al. 
(1968) and KIMu~x (1970a). 

In tense  root growth in early spring (prior to the mos t  rapid growth of the  above-ground 
organs) has  already been reported by  STUCKEY (1941), TROUGHTON (1957), ttOFF~ANN (1972), 
and  others. 

The rapid initial growth of Phragmltes in spring, making  use of the  relatively large amotmts  of  
reserve mater ia l  accumulated in the  underground organs in a u tumn ,  is reflected in the  relatively 
high RGR, RDP and  other growth characterist ics at  the  beginning of the  growing season (Kv~T 
et  al. 1969, Kvi~T et SVOBODA 1970, DYKYJOV& et  al. 1970, Kvi~.T 1971, VAN DER VALE et BLISS 
1971, HUS~K 1971). This  rapid growth of the  above-ground pa r t s  leads to an  a lmost  complete 
format ion  of the vertical s t ructure  of  the  aerial s tand  par t s  as early as June  (Hti~LIMANN 195I, 
I~ErJ-Hs 1965, RUDESCU et al. 1965, HASLAM 1969b, C, KV~T et  al. 1969, ~ECHOV 1969, KV~T 
et  SVOBODA 1970, GEISSL~OFER et B~IA~r  1970). This is one of the  impor tan t  features enabling 
Phragmites to compete successfully with other plants  (BUTTERY et al. 1965, FIALA et KV~.T 
1971, FI)~LA 1974). 
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U n d e r g r o u n d  b i o m a s s  i n  v a r i o u s  h a b i t a t s  

A considerable variation in the morphological structure, characteristic of Phragmites communis 
is due -- in addition to genotypical differences -- to its very wide ecological amplitude (MATYUX 
1960, CO~E~T 1961, BJbRK 1967, RUDESCU 1969, GEISSLHOFER et BU~IAN 1970, DYxvJOV/~ 1969, 
1970, 1971a, VA~ DER TOORN 1971, 1972, HASLAM 1973, HRADEC~ 1973a, b, PAZOURKOV~ 1973, 
SVOnODA, HRADECKs et KV~T unpublished). The differences in the morphological characteristics 
of Phragmites are reflected in the biomass both  above -- and underground and most probably 
also in the different distribution of dry mat ter  in various organs. While the above-ground dry 
weight of Phragmites usually varies only within the limits of 0.8 kg/m 2 to 2.5 kg/m a (GORHA• 
et  PEARSALL 1956, STRA~KP~BA 1963, TOTHet al. 1963, BER~ATOWICZ et RADZIEJ 1964, DEMI- 
DOVSKAYA e t a l .  1964, KE~m 1964, ISAMBAJEV 1964a, B~ATOWICZ et PI~CZY~S~A 1965, RU- 
DESCU et al. 1965, KOWALCZEWSKI et WASIL~.WSKI 1966, KROTKEVI5 1966, BER~ATOWICZ et 
al. 1968, BERI~ATOWICZ 1969, KV~T et al. 1969, RUDESCU 1969, DYKYJOV~, et al. 1970, DYxYJOV/~ 
et  KV~T 1970, Kv~T et SVOBODA 1970, DYKYJOV/~ 1971a, b, B~LAVSXAJA 1971, BURIAN 1971, 
HUS~K 1971, KAUL 1971, KV~T 1971, VA~ DER VALK et BLISS 1971, DYxYJOVs 1973, K v ~  
1973a, KVi~.T et ONDOK 1973, O~DOX 1973, WALLENTINUS e t a l .  1973), the underground biomass 
(formed in the course of several years) apparent ly  reflects differences between habitat  
characteristics much more distinctly (KRASOVS~J 1962, ISAMBAJEV 1964b, RUDESCU et al. 1965, 
FIAL~ e t a l .  1968, DrKYJOV~ et Kvi~.~ 1970, FIALA 1970a, SCmERUP 1970, DYKYJOVJ~ 1971a, 
FIAL~ et K v ~  1971, HUS%.K 1971, FIALA 1973b, e). For instance, relatively low underground 
biomass values of Phragmites (1.98 to 2.94 kg/m~) have been reported from the area of the 
Syr-Darja (ISAMBAJEV 1964b) while from Denmark SCHIERUP (1970) reports values of 7.47 
to 12.23 kg/m ~, of which roots formed 5.42 to 9.59 kg/m~. 

KRASOVS~IJ (1962) suggested tha t  with taller shoots, a deeper layer will be occupied by plagio- 
trophic rhizomes and the rhizome biomass will be greater. This assumption, however, does not 
apply everywhere. For example, in the lit toral s tand in the Opatovick~ flshpond, V-type, with 
large rhizome biomass, the shoots were only about 2.7 m high while the rhizomes reached to the 
depth  of 80 cm. At the ~akvick:~ fishpond, on the other hand, the shoots were up to about 4.5 m 
high and the rhizomes, whose biomass was relatively small, were found in the 70 cm layer. Neither 
do observations of MATJUK (1960), ISAMBAJEV (1964b), BJSRK (1967), van der TOOl~N (1972) and 
Kv]~  et HushK (unpublished) support the existence of the above-mentioned relationship bet- 
ween shoot height, depth of rhizome penetration and rhizome biomass. 

The habitat  characteristics (above all the temperature regime which is often determined by 
the hydrological regime in littoral stands) apparent ly  influence the rate  of storage of reserve 
materials in the underground organs (McNAUGHTON 1966, DAV~DSO~ 1969e, I~OBSO~ 1973). 
In  the youngest vertical rhizomes (bearing terminal buds) a t  the ~akviek:~ fishpond (in limosal 
to terrestrial eeophase in late summer) the total  carbohydrate content was relatively less than 
at  the Nesyt fishpond, N. shore, (39.1% of dry weight as compared with 53.8 %). Phragmites 
apparently grows in relatively more favourable trophic and temperature conditions at  the Nesyt 
flshpond, where the hydrological regime is more balanced. At the end of the growing season, the 
lower temperatures of water and soil at 1Nesyt probably favour a more rapid accumulation of 
reserve material and reduce the respiratory losses (MCNAU~HTON~ 1966, KIMVRA 1970b). 

The content of reserve material in the undergrom~d organs probably affects the intensity 
of tillering (Au~)A et al. 1966, F~ALA 1973C, ROBSO~ 1973). Water  deffieiency in the soil reduces 
the  final number of shoots in a s tand (NIKOLA]~VSKIJ et al 1966, B~ow~ et BL~SSER 1970). i n  
a given habitat,  the following factors determine the horizontal stand structure: character of 
rhizome branching, rhizome length (which usually corresponds with their average annual in- 
crement), and the intensi ty of tillering (PHILLIPS 1954, I r ~ S ~ W  1959, FIALA 1971a). The 
horizontal structure of Phragmites stands is apparently related to their biomass both above and 
underground (O~DO]C 1970, 1971, FIALA 1970a, 1973b, c). In  Phragmite,s stands with extensive 
rhizome systems and a relatively low intensity of tillering, in which the shoots form only 
inconspicuous, small pr imary clusters (about 0.1 to 0.2 m in diameter) and large secondary 
clusters (about 3 m in diameter), the rhizome biomass is relatively less than in stands characte- 
rized by conspicuous smaller secondary clusters (about 1.6 in diameter and smaller; see 
Figs. 6, 8 and 12). 

The character of the rhizome system is apparently reflected in the number of rhizomes en- 
countered in the profile wall and in their vertical distribution. The Phragmites stands from the 
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~akviek~ and Nesyt fishponds can again serve as example. At the ~akvick~ tlshpond, lateral 
shoots grew only from several nodes of the oldest vertical rhizome (at the maximum soil depth  
of about 20 to 30 era), while at  the lgesyt fishpond, they grew from a greater depth, often as much 
as 40 to 50 cm (see Fig. 12). These data  may perhaps explain the close correlation between the 
number of rhizomes in the soil profile wall (in the 30 to 70 cm layer) and the rhizome biomass of 
Phragmite8 (F[ALA 1973b, e). 
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Fig. 12. Comparison of shoot pa t te rn  and its intensity (A, for details see text) with the character 
of tillering (B, 1 -- dead terminal aerial shoot from the previous year, 2 -- living lateral shoot 
growing during the current year and recorded at~ the end of the growing season) and with the 
vertical variation in rhizome density (the number of rhizomes in different layers of the profile 
wall 1 m in width, C) in the Phragrnite~ communi~ stand at  the ~akvick:~ and Nesy~ fihsponds. 

The considerable variation in the  ratios of rhizome: shoot biomass and root: shoot biomass 
apparent ly  reflects great differences between habitats. All the values of the total underground 
to above-ground biomass ratio (R/S ratio) would most probably be smaller if shoot biomass wero 
assessed in summer. Nevertheless, they  display relative differences between the eight s tands 
studied (Fig. 11, Tab. 5). The great differences in the R/S ratio in Phragmites prove tha t  the 
underground biomass of Phragmites cannot be estimated from the above-grounc[ biomass by 
applying a fixed R/S ratio (see SZCZEPA~SKI 1969). Many literature data suggest tha t  an increased 
concentration of mineral elements in soil or water brings about a decrease in the R/S ratio (e.g., 
BROUWER 1966, TROVOgTON 1967, 1970, DAVIDSON 1969b, SCHUURMAN 1971). In  Typha latlfolia, 
this  effect was demonstrated by BOYD (1971). I-[ijl~LIMANlq (1951) drew at tent ion to the increase 
in the relative weight of Phragmites underground organs due to nitrogen deficiency. On the other 
hand, BOYD et HEss (1970) and vA~ DER TOORN (1972) found a positive correlation between the 
growth and production of Typha laAifolia and Phragmites, and the phosphorus content in the soil. 
KROTKEVI~ (1966) recorded an increase only in above-ground procIuetion in Phrag~nites on sites 
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fertilized with bo th  ni t rogen and  phosphorus. DAVIDSON (1969b) draws a t t en t ion  to the fact  tha t  
the  relationship between the moisture, ni trogen and  phosphorus contents  in the  soil and  the  t~/S 
rat io is ra ther  complicated. This is also supported by  the  present suggestion of a positive cor- 
relat ion between the  ni t rogen content  in the  soil and  the  biomass of Phragmltes rhizomes and  
roots, which differs from the  information supplied by  other authors (see above). 

Root biomass and  the  organic mat te r  content  in the  soil are apparent ly  closely correlated 
(DAELMAN et KUCERA 1965); this  is also supported by  the present results concerning Phraymites. 

With  increasing temperature,  the  biomass of underground organs and the R/S rat io decrease 
(BRouwER 1966, McN).~YOHTO~ 1966, DAVIDSON 1969a, SIMS et SING1[ 1971, T ~ - ~ a ~  1972). 
From various hab i t a t  factors exerting complex influence on the  growth and  product ion of u~der- 
ground organs in Phragmites, the temperature  regime of the  site (also determined b y  hydrological 
regime) wa~ perhaps most  closely related to the  R/S rat io (see Fig. 13). 
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Fig. 13. Relat ionship between the  armual 
mean air  temperature  (in ~ from the period 
1901 to 1950 according to the Ins t i tu te  of 
Hydrometeorology in Prague), hydrological 
regime of the s tand  during the  growing 
season (lt -- l i t toral  eeophase, lm -- limosal 
ecophase, t r  -- terrestr ia l  ecophase) and the 
ra t io  of underground to above-grotmd dry 
weight in 8 s tands of Phragmites communds 
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WESTKAKE (1968), summarizing several authors '  observations including his own, suggests 
t h a t  the  share of underground organs in the  to ta l  Phragmites biomass represents 36 % to 60 % 
(to 90 %) in late summer.  I t  is the  widest range of all helophytes. A similar range was found 
only in Schocnoplectus lacustris (L.) PALLA (46 % to 90 %); the  highest values found in Typha 
sp. were about  60 % (WEsTLAKE 1968). The underground biomass in the  Phragmites stands 
dealt  wi th  in this  paper  varied between 65 % to 90 % of to ta l  biomass. These figures thus  belong 
to the  higher figures wi th in  the  range ment ioned above. 

E s t i m a t i o n  o f  n e t  p r o d u c t i o n  o f  u n d e r g r o u n d  o r g a n s  

T h e  n e t  p r o d u c t i o n  ( =  a n n u a l  i n c r e m e n t  o f  b i o m a s s )  i n  Phragmites r h i z o m e s  
a n d  r o o t s  c a n n o t  b e  c a l c u l a t e d  f r o m  t i l e  d i f f e r e n c e  b e t w e e n  t h e i r  m i n i m u m  (e.g.,  
s p r i n g  v a l u e  a f t e r  e x p l o i t a t i o n  o f  r e s e r v e  m a t e r i a l )  a n d  m a x i m u m  b i o m a s s  r e c o r d e d  
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later  on (see WEAVER et ZINK 1946, DAHLMAI~ et KUCERA 1965, KOTAI~SKA 1967, 
1973, IWAgT et ~_IDORIKAWA 1968). The calculation is complicated, above all by 
considerable variation of the field estimates (FIALA et al. 1968), by slow spreading 
of the polycormones when cultivated (OREcHOVSKIJ 1969) and by the relatively 
long survival t ime of the Phragmites rhizomes. According to literature data  (H~RLI- 
~ A ~  1951, W~.STLA~E 1965, 1968, HASLAM 1970a), Phragmites rhizomes live 
for (2) 3 to 6 years. The observations described in this paper have revealed tha t  
Phragmites rhizomes live mostly for 4 years in the stands of the ~akvick:~ and Nesy t  
fishponds. A critical period for the growth of underground organs, and especially 
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Fig. 14. Bulk density and total carbohydrate content in Phragmltes communis rhizomes of various 
age. Recorded at the lq. shore of the Nesyt fishpond in October 1971. 

for the formation of new rhizomes and lateral shoots, appears to be the fourth 
growing season of the thickest vertical rhizome, which bears the terminal aerial 
shoot (see Fig. 14 for the Phragmites stand at the Nesyt  fishpond). A conspicuous 
decrease in bulk density and in carbohydrate content  in these rhizomes recorded 
at  the end of the fourth growing season is an indicator of considerable exploita- 
t ion of reserve material in the spring of tha t  season and of its poor accumulation 
in the autumn. At the end of the vertical rhizome's third growing season, 
numerous hibernating buds (lateral shoots for the next  year, see Fig. 15) 
grow from the terminal and old lateral shoots. The lateral shoots from the 
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f o u r t h  (or even  fifth) growing season are  m u c h  t h inne r  and  shor te r '  t h a n  bo th  
t he  t e r m i n a l  shoot  a n d  the  l a t e r a l  shoots  f rom preceding  yea r s  (see also KAIKKO 
1934, KRASOVS~J 1962, ORECHOVS~J 1969, HASLAM 1969a, 1970). The  i r r ad iance  
of  these  shor t e r  shoo t s  is r a t h e r  poor ,  a n d  t h e y  of ten  die  off; hence  the  de ns i t y  
of  Phragmites s t a n d s  u sua l ly  decreases  du r ing  the  second ha l f  of  the  growing  
season (KvitT et  al. 1969, KV~T 1971). A t  t he  end of  the  fou r th  growing  season 
on ly  few l a t e r a l  buds  are  formed for  t he  fif th growi, lg season a n d  Phragmites 
rh izomes  p r o b a b l y  d ie  off a t  the  N e s y t  f i shpond dur ing  the  fifth growing  season. 

Fig. 15. Character of tillering in the stand of Phragraites communis at 
the N. shore of the Nesyt fishpond. Recorded in October 1971 -- 
1. Living rhizomes: two-year old rhizomes formed in the year 1969 (69), 
one-year old rhizomes formed in the year 1970 (70), newly formed 
rhizomes with hibernating buds (71); -- 2. above-ground shoots: dead 
terminal shoot (70), lateral living shoots growing during the year 1971 

(71). 
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A s imi lar  d e p e n d e n c e  on c a r b o h y d r a t e  c o n t e n t  was r e p o r t e d  for  ConvaUaria 
majalis L. rh izomes  of  di f ferent  age b y  LJUBA~SKIJ (1967); t he  c a r b o h y d r a t e  
c o n t e n t  in  t he  rh i zomes  r egu la r ly  decreased ,  oi1 t he  average ,  f rom 50.9 % in  the  
y o u n g e s t  rh izomes  to  15.2 % in o ldes t  l iv ing  rh izomes,  a b o u t  10 yea r s  old. 

The  annua l  ne t  p r o d u c t i o n  of rh izome  b iomass  can be a p p r o x i m a t e d  i f  the  
t o t a l  b iomass  of  l iv ing  rh izomes  is d i v i d e d  b y  the i r  age. SCn~ERUP (1970) solved 
th is  p rob lem in  a s imi la r  manner .  The  ave rage  annua l  ne t  p r o d u c t i o n  of  rh izome 
b iomass  would  t hus  be 940 g /m 2 f rom the  Phragmites s t a n d  a t  the  N e s y t  f ishpond,  
and  550 g /m 2 a t  t he  ~akvick:~ f ishpond.  These  va lues  r ep re sen t  a b o u t  60 % (Nesy t  
f ishpond) and  30 % (~akv ick~  f ishpond) of  t he  m a x i m u m  a b o v e - g r o u n d  b iomass  
va lues  p resen ted  b y  KV~T (1973a) a n d  DYKYJOV.~ e t  KV/tT (1970). 

Estimation of the annual net production of root biomass is still less accurate and more compli- 
cated than that of rhizome biomass, for it is very difficult to separate roots into living and dead. 
The decomposition rate of dead roots apparently differs considerably from stand to stand; this 
fact was probably one of the reasons explaining the great differences in root dry weight found 
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in the Phragmites stands studied. WESTLA~:E (1965) suggests tha t  the roots of most helophytes 
probably live for a period shorter than  one year. SCKIERUP (1970) claims a turnover t ime of 
five years for Phragmites roots. The length of this period will perhaps again differ from site to 
site, and it would be wrong to use a certain figure as valid for all Phragmites stands. For instance, 
according to data in literature (REMEZOV et al. 1963, DAHLMAN et KUCERA 1965, RAJCHEL 1965, 
KOTAI~SKA 1967, 1970, 1973, DA~LMAN 1968, PR~CS~NYI 1969, NILSSON 1970, KAZMIERCZAKOWA 
1971, MIRO~NI~ENKO et al. 1972, SPEIDEL et W~Iss 1972, D~ALILOVA 1973) the turnover t ime is 
two to four years for root biomass in meadow plant communities and the herb layers of forest 
stands, but TITLJANOVA (1971) and TITLJANOVA et ~ATOCHINA (1974) claim this to be only one 
year. 

Relatively high values of the annual underground production of Phragmites are given by 
SCHIERUP ( 1970): about 380g of rhizomes/m 2 {about 40 % of maximum above-ground biomass) and 
1200 g of roots/m 2 (about 130 % of maximum above-ground biomass). The annual net  production 
of all Phragmites underground organs would thus be about 1500 g/m: (with the above-ground 
biomass of 930 g/m2). MooK et Vn_~ PER TOORN (1974) report tha t  the yearly increase in rhizome 
biomass of Phragmites was 182 g/m 2 and 313 g/m 2 (approximately 10 % and 20 % of the yearly 
increase in shoot biomass) in a wet experimental ~eed field, and 245 g/m 2 and 509 g/m 2 (20 % 
and 40 % of yearly i~erease in shoot biomass) in a dry experimental reed field. These values 
were obtained from relatively young (4 year-old) stands. BERNARD J. et BERNARD F. (1973), 
who base their  conclusions only on observations of the growth of new rhizomes of Typha glauca, 
estimated the annual production of the underground organs to be 247 g/m:; this represents 
approximately 25 % of above-grotmd production. In  two-year old polycormones of Typha 
latifolia and T. angustifolia the annual increments in underground biomass represent 40 % and 
90 %, respectively, of the above-ground biomass recorded at  the end of the growing season 
(FIALA 1973b, d). DYKYJOV.~ et al. (1971) have reported tha t  the annual net  production of under- 
ground organs of helophytes in experimental cultivation was equal to 0.5 to 1.2 t imes their  
above-ground production. 

Production data on Glyceria aquatica WA~LB. (WEsTLA~E 1966, JAXRLOVs 1971) make it 
possible to estimate its annual undergrotm.d net production as corresponding with 40 % to 70 % 
of maximum above-ground biomass. For emergent aquatic maerophytes, VAN DER VALE et 
BLISS (1971) estimate, on the basis of literature data, the annual net  underground production 
to be 20 % to 40 % of above-ground net production. BERN~D (1974) reports that  the annual 
net  underground production of Garex rostrata STOKES reaches 25 % of their above-ground produc- 
tion. For Carex lacustris, BERNARD et McDoNALD (1974) estimate this to be only 20 %. For 
several species of the genus Miscanthus, which is structurally similar to Phragmites, IWAKI et 
M~DORIKAWA (1968) report the annual increment of underground organs to be 40 % of maximum 
above-ground biomass. The present values of net  production of Phragmites rhizomes fall within 
the limits reported by other authors for helophytes. As opposed to helophytes, in some grassland 
communities the annual increments of underground biomass are higher: up to 2 to 4 times the 
above-ground production (NILSSON 1970, KOTA~SKA 1967, 1973, TrTLJANOVA et ~ATOCHINA 1974). 
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S U M M A R Y  

E i g h t  s t a n d s  o f  Phragmites communis w e r e  i n v e s t i g a t e d  in  t h e  l i t t o r a l  z o n e s  o f  
f i s h p o n d s ,  i n  m a r s h e s ,  on  f l o o d e d  a r a b l e  l a n d  a n d  in  s w a m p y  b a c k w a t e r s  i n  s ix  loca-  
l i t i es  i n  t h r e e  r e g i o n s  o f  C z e c h o s l o v a k i a  ( s o u t h e r n  B o h e m i a ,  s o u t h e r n  M o r a v i a  
a n d  s o u t h e r n  S lovak ia ) .  T h e  s e a s o n a l  c h a n g e s  in  t h e  g r o w t h  o f  u n d e r g r o u n d  
o r g a n s  a n d  s e a s o n a l  v a r i a t i o n  i n  t h e  c o n t e n t  o f  r e s e r v e  m a t e r i a l  in  t h e s e  o r g a n s  
w e r e  s t u d i e d  i n  o n e  Phragmites s t a n d .  T h e  r e s u l t s  o f  t h e  o b s e r v a t i o n s  a r e  s u m m a r i z -  
e d  as  fo l lows :  



F I A L A :  [ + N D E R G R O U N D  O R G A N S  OF P H R A G M I T E S  COIVII~UNIS 251 

1. Intense rhizome growth was recorded in summer (end of June to July) 
during a period characterized by favourable climatic factors; at  that  t ime the 
leaf area index reaches its highest values and the above-ground biomass is almost 
a t  its maximum (Figs. 2 and 4). Phragmites roots have evidently two distinct periods 
of growth. The first occurs in spring (end of April to begimfing of May), and the 
other in autumn, above all in September (Fig. 4). 

2. Accumulation of reserve material in the underground organs (especially in 
rhizomes) is considerable in Phragmites. Reserve material was accumulated even 
in older living rhizomes (Figs. 2, 3). In these rhizomes, the bulk density and total 
carbohydrate content  (in ~ of fresh weight) recorded at the end of the growing 
season were twice those recorded after the spring exploitation of reserves (Fig. 3). 
The total carbohydrate  content (in ~ of dry  weight) found in the previous year's 
Phragmites rhizomes in spring was probably 6 ~ to 12 ~o higher than  that  recorded 
at the end of the growing season, when the rhizomes were about one year old. 

3. A conspicuous decrease in bulk density and a decrease in total  carbohydrate 
content were recorded in vertical rhizomes, bearing terminal aerial shoots, at the 
end of their fourth growing season (Phragmites stand at the Nesyt  fishpond - -  
Fig. 14). This probably indicates a considerable exploitation of reserve material 
in the spring of the fourth growing season and its relatively poor subsequent 
accumulation during that  autumn. This situation is apparently critical for further 
growth of the rhizome and for the formation of new lateral rhizomes and aerial 
shoots. At the end of the fourth growing season, only few lateral buds are formed, 
and the rhizomes die off, probably during the fifth growing season. 

4. The underground biomass of Phragmites (formed in the course of several 
years) apparently reflects the habitat  much bet ter  than does the biomass of above- 
-ground organs (Fig. 8). The rhizome biomass of the stands investigated varied 
within broad limits from about 2 kg/m: (Kobyll Lake, type V) to 5 kg/m: (Opato- 
vick:~ fishpond, type V). Root dry weight (from the 0 to 20 cm layer) varied from 
low values (84.4 g/m: - -  Opatovick:~ fishpond, type V; 192.7 g/m 2 - -  Lion Lake) 
to a very high value of 3 605.2 g/m: (Opatovick~ fishpond, S type). 

5. The special character of the rhizome system in Phragmites, determined above 
all by the character of rhizome branching and the intensity of tillering, is reflected 
both in the horizontal structure of these stands and in the vertical arrangement of 
the rhizomes and their biomass (Fig. 12). A close correlation was established bet- 
ween the number of rhizomes in the wall of a soil profile (in the 30 to 70 cm layer) 
and total rhizome biomass (Fig. 10). 

6. The values of the ratio of rhizomes to above-ground dry  weight were highly 
variable (from 1.5 to 5.5 - -  Fig. 11, Tab. 5). This ratio was lowest in eutrophic 
stands in the limosal to terrestrial ecophase in late spring (1.54 - -  ~akvicks~ fish- 
pond: 1.70 - -  Lion Lake). In stands with a relatively well-balanced hydrological 
regime during the growing season, the ratio surpassed 3.0 (3 .02- -Nesy t  fishpond; 
3.99 - -  Opatovicks~ fishpond V type; 5.49 - -  Opatovick:~ fishpond, S type). 

The ratio of root  dry  weight (from 0 to 20 cm layer) to total  above-ground 
biomass of Phragmites was about 1.0 in the stands at the Ro~mberk and Nesyt 
fishponds and at the Kobyli  Lake types V and M (Fig. 11, Tab. 5). In the other 
stands, the ratio varied from very low values of about 0.1 (Opatoviek~ flshpond 
V type, Lion Lake) to 4.4 (Opatovick:~ fishpond S type). 
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7. O u t  o f  t h e  v a r i o u s  h a b i t a t  f a c t o r s  w h i c h  e x e r t  a c o n s i d e r a b l e  a n d  c o m p l e x  
i n f l u e n c e  o n  t h e  g r o w t h  a n d  p r o d u c t i o n  o f  u n d e r g r o u n d  o r g a n s ,  t h e  t e m p e r a t u r e  
r e g i m e  (a lso  d e t e r m i n e d  b y  t h e  h y d r o l o g i c a l  r e g i m e  i s  p r o b a b l y  m o s t  c lose ly  r e l a t e d  
t o  t h e  R/S r a t i o  (Fig .  13). 

8. T h e  a n n u a l  n e t  p r o d u c t i o n  o f  Phragmites u n d e r g r o u n d  o r g a n s  wi l l  p r o b a b l y  
b e  d i f f e r e n t  i n  d i f f e r e n t  h a b i t a t s .  T h e  e s t i m a t i o n  o f  t h e  a n n u a l  n e t  p r o d u c t i o n  o f  
t h e  r h i z o m e s  ( c a l c u l a t e d  as  t h e  d r y  w e i g h t  o f  l i v i n g  r h i z o m e s  d i v i d e d  b y  t h e i r  
age )  w a s  a p p r o x i m a t e l y  60 ~ o f  t h e  m a x i m u m  a b o v e - g r o u n d  b i o m a s s  a t  t h e  N e s y t  
f i s h p o n d  a n d  o n l y  a b o u t  30  % a t  t h e  ~ a k v i c k ~  f i s h p o n d .  

Z U S A M M E N F A S S U N G  

Acht  Best~nde von Phragmites communis wurden untersucht .  Sic befinden sich in der Literal-  
zone der bewirtschafteten Teiehe, an  Siimpfen, auf  iiberflutetem Ackerboden und im sumpfigen 
Stauwasser a n  6 Lokali t~ten in 3 Regionen der Tscheehoslowakei (SiidbShmen, Siidm~hren und  
Siidslowakei). In  einem der Schilfbest~nde wurden die ~nderungen im Wuchs der unter irdischon 
Organe im Laufe einer Vegetat ionsperiode trod die Saisonvariabil i tat  des Inhal tes  ihrer  Vorrats-  
stoffe studiert .  Die Forschungsergebnisse sind nachfolgend zusammengefasst:  

1. In tens iver  Wuehs der Rhizome wurde im Sommer (Ende Juni ,  Juli)  vermerkt ,  im Zei t raum 
mi t  giinstigen Klimafaktoren, we der Blattfl~chenindex (LAI) am grSssten ist  und  aueh die ober- 
irdische Biomasse fast  ihr  Maximum erreicht. (Abb. 2, 4). Ffir die Wurzeln von Phragmites sind 
offensichtlich zwei deutliche Wuehsperioden bezeichnend. Die erste im Fr i ih jahr  (Ende April bis 
Anfang Mai), die zweite im Herbs t  (besonders im September, Abb. 4). 

2. Die Speicherung von Reservestoffen in den unter i rdisehen Organen (vor allem in den Rhizo- 
men) is t  bei Phragmites ziemlich gross. Die Vorratsstoffe speicherten sich auch in ~lteren lebendi- 
gen Rhizomen (Abb. 2, 3). Die Wer te  der Volumendichte (,,bulk densi ty"  Trockengewicht/Volu- 
men der  frischen Rhizome) und  auch des Gesamtgehalts an  Kohlenhydra ten  (in % Frisehgewicht) 
erreichten aueh in den 2 -- 3 Jahre  a l ten Rhizomen am Ende der Vegetationsperiode bis das Zwei- 
fache der Werte,  die nach dem AbschSpfen der Reserven im Fr t ih jahr  vermerkt  wurden (Abb. 3). 
Die Menge der s~mtlichen Kohlenhydra te  (in % Troekengewicht), die im Fr i ih jahr  den a l ten  
Phragmites-Rhizomen entnommen wurde, war wahrseheinlich u m  6--12 % h6her als die in die 
a l ten Rhizome (ungef~hr 1 J a h r  alt) zuriickgeFtihrte Menge am Ende  der Vegetationsperiode. 

3. Gegen Ende der vierten Vegetationsperiode vermerkte man  einen auffallenden Riickgang 
der Volumendichtewerte  und ebenfalls eine Verminderung des Gesamtgehaltes an Kohlenhyclra- 
ten  in den vert ikalen Rhizomen, die die terminalen oberirdischen Phragmites.Triebe t ragen 
(Schilfbestand am Teich Nesyt, Abb.  14). Dies diirfte yon ziemlich hoher  Absch6pfung der Vor- 
ratsstoffe im Fr i ih jahr  dieser Vegotationsperiode und yon ihrer verh~ltnismassig g3ringer Spei- 
cherung im Herbs t  zeugen. Eine solche Vegetationsperiode ist  offensichtlieh fiir weiteren Wuchs  
der unter i rdischen Organe krit isch,  besonders Ftir die Ausbildung neuer Rhizome und  Seiten- 
triebe. Ende  der vierten Vegetationsperiode wachsen die Seitenknospen for die.Ffinfte Vegetations- 
periode nu t  selten aus und die Rhizome sterben h6chstwahrseheinl ieh w~hrend dieser fi inften 
Periode ab. 

4. Die Biomasse der unter irdisehen Organe yon Phragmites (die im Laufe einiger Jahre  ent- 
s tanden  ist), widerspiegelt die Untersehiede der Standortsbedingungen viel deutlicher als die 
oberirdische Biomasse (Abb. 8). Die Rhizomemasse schwankte in  den untersuehten Best~nden 
im weiten Bereieh zwisehen 2 kg/m 2 (Kobyll  V) his 5 kg/m 2 (Opatoviek~ V). Das Troekengewicht 
der Wurzeln  (aus der Sehicht yon 0 - -20  era) bewegte sieh yon niedrigeren Werten (84,4 g/m s -- 
Opatoviek~ V, 192,7 g/m s -- See Lion) bis 3605,2 g/m s (Opatovick:~ S). 

5. Der untersehiedliehe Charakter  der Phragmitesrhizome.Systeme, der vor allem dureh die 
Ar t  der Rhizomeverzweigung und  Bestockungsintensi ta t  gegeben ist, widerspiegelt sich sowohl 
in  der horizontalen St ruktur  dieser Best~nde als auch in der ver t ikalen Anordnung der Rhizome 
und ihrer  Biomasse (Abb. 12). Es wurde eine enge Korrelat ion zwischen der Anzahl der Rhizome 
in der W a n d  der Bodenprofile (in der Sehicht 30--70 cm) und  der s~tmtlichen Rhizomeb(omasse 
festgestellt (Abb. 10). 
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6. Das Verh/~ltnis der Trocker~gewichtswerte der Rhizome zum Trockengewicht der ober- 
irdischen Teile war sehr ver~nderlich (von 1,5 bis 5,5; Abb. 11, Tab. 5). An eutrophen Standorten 
(im Spatsommer in der limosen bis terrestrischen 0kophase) war dieses Verhaltnis am geringsten 
(1,54 -- ~akvick~ Teich, 1,70 -- See Lion). In 0kotopen we die hydrologischen Bedingungen 
w/i~hrend der Vegetationsperiode verh/~ltnism/~ssig ausgeglichen sind, wurden die Verh/~ltniswerte 
3,0 tiberstiegen (3,02 -- l~esyt, 3,99 -- Opatovick~- V, 5,49 -- Opatovick:~ S). Das Verh/~ltnis des 
Troekengewichts der Wurzeln (aus der Schicht 0- -20 cm) zum Trockengewicht s/~mtlicher ober- 
irdischen Teile von Phragmites bewegte sich in Best/inden am Ro~mberk, Nesyt, Kobyli V und 
Kobyli M am 1,0 (Abb. 11, Tab. 5). In den iibrigen Best/~nden bewegte sich dieses Verh/~ltnis 
yon sehr niedrigen Werten tun 0,1 (Opatovick~ V, Lion) bis zu 4,4 (Opatovick)? S). 

7. Von den eir~zelnen Faktoren, die ziemlich komplex auf den Wuchs mad Produktion der 
unterirdischen Organe wirkon, stand wahrseheihlieh das Temperaturregimo des Standortcs 
(auch dutch hydrologische Verh/~ltnisse bestimmt) im rclativ engsten Zusammenhang mi t  den 
Werten des Verh~ltnisses R / S  (Abb. 13). 

8. Der Jahreszuwachs der tmterirdichen Biomasse von Phragmites wird hbehstwahrseheirdich 
an verschiedenen Standorten verschieden sein. Die Netto-Produktion der Rhizome pro Jahr  
(ermittclt als das Trockengowieht der lebeadigen Rhizome dividiert dutch ihr Alter) wird tm- 
gef~hr auf 60 % der maximalen Biomasso der oberirdischen Teile im Schilfbestand am Nesyt 
und nur auf tmgef~hr 30 % im Bestand am ~akvick:~ Teich abgeseh~tzt. 
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