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EFFECT OF SEED SIZE, 
DENSITY AND DEPTH OF SOWING ON THE GERMINATION 

AND SURVIVAL OF PSAMMOPHYTE SEEDLINGS 

ABSTRACT: Under laboratory conditions the relationship was studied between the seed size, the 
density and depth of sowing, and the germinating process and its time, the fixing of seedlings and their 
survival in Corynephorus canescens (L.) P. B., Spergula vernalis·Willd. and Androsace septentrionalis L. 
The factors enumerated above appeared not to affect the germinating capacity and power, but they 
were found to have an influence on the rate of growth of the germs ( thus also, indirectly, on the rate 
of seedling growth), and on the survival of germs and seedlings. As a result of a high rate mortality of 
germs at high densities, the numbers of seedling survivors were similar, regardless of the number of 
seeds sown. 
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1. INTRODUCTION 

Many studies on the survival of seedlings, carried out Ill the field and under culture con
ditions, have proved that during the early plant growth stages the rate of mortality is high . 

• 
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Many papers indicate a high degree of correlation between the mortality of seedlings and their 
density (M a r s c h a 11 and J a i n 1969, M a t h e w s and W e s t l a k e 1969, W h i t e 
and H a r p e r 1970, Ro s s and H a r p e r 1972), the dying seedlings being first of all 
poorly developed individuals, weak from the beginning of their life (M o r o z o w 1953, 
S u k a c e v 1953). It has also been found that more likely to survive, especially at high density 
levels, are those seedlings which were the first to appear in a given population; this is probabiy 
associated with their having the possibility to occupy a larger biological space than in the case 
of seedlings, the growth of wl1ich takes place at a later time (C a v e r s and H a r p e r 1967, 
R o s s and H a r p e r 1972). It is not quite clear, however, what causes the di££ erences in the 

time of emergence of the individual seedlings in a population, determining their further fate. 
The aim of the experiments presented in this paper was to find out whether an earlier or 

later emergence of a seedling is entirely a matter of ch~~1ce, or the result of the influence of 
some not l<nown well factors. In the study the effect, direct or indirect, was assumed to be 
possible of the seed size, and the density and depth of sowing. A f tirther objective of the study 
was to establish ,1 possible effect of the factors named above 011 th4-> gr'rmination and survival of 

seedlings. 
The problems put forward in the paper relate to observations, t:<>11ducted for several years, 

on the mortality of seedlings in natural psammophyte populations (S y m o n i d e s 1977), 
which have revealed, among other things, a close relationship betweer1 the density and 
emergence time of seedlings, and their survival, this relationship being particularly evident in 
Corynephorus canescens (L.) P. B., Spergula vernalis Willd., and Androsace septentrionalis L. 
These species were selected for the subsequent studies, as specified in the title of the present 

paper. 

2. METHODS 

The starting point in the experiments was the assumption that the absolute number of seeds 
and germs in the soil exceeds the number of the seedlings that emerge, because some of the 
germs probably die before emerging above the ground. It was for this reason that at first an 
estimation of the ger1ninating capacity of the seeds in Petri dishes was made. In each of the 
dishes 100 and 300 specially selected - large and small - seeds 1 were sown in four replications 
for each species. As soon as the first seed had germinated, the counting of germs was started 
and continued every 24 hours for 30 days. For each variant of seed size and density the average 
germinating capacity was then calculated, and the per cent germination in the successive 
24-hours' intervals, relative to the total number of germs. 

The selection of Spergufu vernalis and Androsace septentrionalis seeds was made by sieving 
them through a series of sieves ,vith a gradually decreasing mesh diameter: 1.2 mm, 1.0 mm, 
0.75 mm, 0.6 mm, 0.4 mm. Seeds of both species were considered ''large'' if they remained on 
the sieve with a mesh diameter of 1.0 mm, ''small'' - on the sieve with a mesh diameter of 
0.6 mm. Because of their elongate shape, the caryopses of (;o,ynephorus canescens w~re 

1 The term ''seed'' is in this paper used in a broad sense to include also the caryopses of Corynephorus 
canescens. 
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111eas11red directly: those wl1ose length exceeded 5 rnrn were considered large, those below 4 mrr1 
i11 lcngtl1 - sr11all. , 

1l'l1e (>bje('Live of tl1e se<~ond stage of experin1ents was to investigate the rate of emergence of 
tl1e scedli11gs, and of their survival depending on the size of the seeds sown, and on the density 
and d ep tl1 of Ho,ving. 1,he seeds were sown at regular intervals into soil ( dune san<.ls) placed in 
pot~ of the size 20 X 30 c1n, each of them divided by inner partitio11s into six equal-sized plots, 
ca<·l1 I 00 ent 2 in area. For l>oth the large and the srnall seeds.] density variants were used: 100, 
20() and 400 seeds 1,er plot, and 2 depth variants: 0.5 and 3.0 cm. ~:ach of the sowing dcnsit y 
ancl lle1Jtl1 variants and the seed sizes was replicated tl1ree times. Tl1us for each species the total 
11111nber of ''plc>ts '' investigated was 3(>. 

'l'hc tirne of sowing was adjusted to the nat11ral growth rl1ythmicity of the particular specjes: 
see<l8 of Androsace septentrionalis were sown in March (after a previous stratification for 7 (lays 
at ter11peralures front 0 to -2°C), and those of the other species - in August. 'fhe experimer1ts 
were carried out at room temperature in the laboratory. 

r.,<)r t ,vo months all seedlings emerging and dying were counled. After the termination of the 
experirnents the seedlings were removed from the plots and measured to the nearest J mm. The 

above-grou11<! parts and roots were measured separately. 
I◄'or each plot tl1e following were calculated: 
1. J)ercentage of seedli11gs found, relative to the nurnb cr of seeds sown; 
2. perce11tage of seedlings which emerged on the successive days of the experiment, relative 

to the total number of seedlings found; 
;~. percentage of dead seedlings, relative to the number of seedlings that emerged on the 

1>arti(!ular experimental day; 
4. average seedling-size: root length and the height of the above-ground parts for 

( ,'<Jry,i<>phorus cariescens an<l Spergula verrialis seedlings, and the rosette diameter for 
Androsace seplentriori<ilis seedlings. 

111 a further part of this paper the mean values are presented from similar variants of seed 
size, density of sowing and depth of so,ving. 

3. RESULTS 

Figure 1 illustrates tl1e germinating capacity and the process of seed germination in Petri 
dishes. 'fhe data indicate several regularities: (I) small seeds germinated 1- 2 days earlier than 
the large ones; (2) for large seeds a much higher per cent germination was recorded than for the 
smal) seeds; (3) the density of seeds sown had no significant effect on the per cent germination 
and tl1e course of the germinating process; ( 4) the germination curves for tl1e species compared 
are sin1ilar, in spite of the fact tl1at their total germination times differed. 

Under soi! conditions, seedlings derived from large seeds emerged earlier than did those 
whi(;h germinated from small seeds (Figs. 2- 4). This regularity applies to all species and to all 
variants of density of the seeds sown, and depth of sowing. However, greater differences in the 
time of emergence of the seedlings, h<>th of the first to appear and of the majority of seedlings, 
cou]d be seen when a deeper sowing of large and small seeds had been applied. 

At a given sowing depth seedlings emerged earlier in plots with a lower sowing density (100 
and 200 seeds per 100 cm 2 ) than in those witl1 the highest density used ( 400 seeds per 
100 ('m2

), regardless of the size of the seeds. 
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Fig. 1. Seed germination in Petri dishes 
Left side - germinating process, l()Oo/o - number of germs. Right side - germination capacity, 
IOOo/c - number of seeds sown. g - large seeds, s - small seeds. Sowing densi1y: continuous 

lines - 400 seeds, broken lines - 100 seeds 
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Fig. 2. (:ourse of emergence of seedlings derived from large (g) and from small (s) seeds in relation to sowing density and depth (0.5 and 3.0 cm) in 
Cory11ephorus canescens 

lOOo/o - total number of seedlings. Number of seeds sown per 100 cm 2 : dotted line - .100, broken line - 200, continuous line - 400 
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f'ig. 3. Cot1rse of emergence of seedlings derived from large (µ-) and small (s) seeds in relation to sowing 
density and deplh (0.5 and 3.0 cm) in Androsace septentrionalis 

I OOo/r - totaJ r1u1nber of seedlings. Number of seeds sown per l 00 cm"": 
') 

dotted line - 100, broken 
line - 200, continuous line - 400 

l 'ht~ l)t'f('~nlage <)f seedling8 relative to the 11umber of sec<ls sown, and the perce11tage of 
tl1ose ~<~e(lling:; w l1ieh st1rvivecl until tl1e end of the experiments, ~-i th different densities and 
<leptl1~ of s<)wing, a11d (lifferent set.!<! ~izes used, }1ave been presented in Figures 5-7. The 
relali<)nshiJ> bel wcen tl1e nun1l)er <>f ~eeds sown and the nurnber of seedlings which survived 
t111tjl tl1c end of tl1e expt'rimcnt~ l1as been f)resented in f,igure 8. A comparison of the data 
~l1c)ws that altl1<)ugl1 tl1e f)er('entag<! of seedlings tl1at emerged and of those whi,h survived was 
r11t1<'l1 l1igi1Pr at lower density levelf-:, the absolute numbers of 8eedling survivors were very 
si1r1iJar, in si>ite <>f C<lnsiderahle cliff erPnces in tl1e number of seeds sown. Thus a high sowing 
<fer1~il )' wa:-i a<·<·o1111>a11ied l)y an i11('reased mortality of germs and seedlings. 

'T'l1e data also in,fi<'ate a l1igl1er viability of germs and seedlings derived from large seeds, 
whi('J1 c·ar1 l)e ~f'en fro1n both the l1igl1er percentage of seedling emergence and the higher 
fJ<~r<·er1L~lgP of seedling survival, as compared witl1 the seedlings derived from small seeds 
( l•"igs. 5-7). 

1'J1<~ de1)tl1 <)f so,ving only cau~e<l an int~rcase in tl1e differences resulting from the size of 
~f'<'< t~ a11 (! l lie <ler1sjty c>f ~()\\- ing, l,ut il (lid not c l1ange tl1e l>a~ic pie ture of tl1e relationship ir1 
< ( l l P ~ l i () 11. 
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Fig. 5. Per cent emergence of seedlings relative to the number of seeds sown (A) and percentage of seedling 
survivors relative to total number of seedlings (B) with different seed sizes and sowing densities and depths 

(0.5 and 3.0 cm) in Androsace septentrionalis 
g - large seeds, s - small seeds 

Tl1e per cent mortality of seedlings relative to the number of seedlings, which emerged on 
the individual days, showed a close relationship to the emergence time only at •high seed 
densities. At lower densities no such direct relationship could be seen, although the per cent 
survival of seedlings that appeared at an earlier time was always higher than that of those 
seedlings which had emerged the latest (Fig. 9). This finding applies to both sowing depths. 

In Table I the sizes of seedlings are compared. The unit of comparison in this summary is the 
average size of the above-ground and underground parts of the seedlings of each of the species, 
derived from large seeds at low density and shallow sowing. As no effect was found of the 
depth of sowing on the ultimate size of the seedlings, in Table I data have only been given, as an 
example, for a shallow sowing. 

An analysis of the data contained in 1'able I shows that the factor determining the size of the 
seedlings was the size of the seeds. The density of the seeds sown appears to have had no 
significant effect. 
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Table I. Comparison of the size of above-ground (S) and underground (R) parts of 
seedlings derived from large and small seeds with diff crent sowing densities used 

Large seeds Small seeds 

Species number of seeds sown per 100 cm 2 

100 200 400 100 200 400 

s 1 0.99 0.91 0.89 0.89 0.87 Corynephorus canescens 
R 1 1.02 0.89 0.85 0.86 0.81 

s 
, 

l 1.01 0.93 0.79 0.78 0.71 
Spergula vernalis 

R ] 0.98 0.96 0.72 0.73 0.79 

s 1 0.97 0.90 0.76 0.72 0.69 
Androsace septentrionalis 

R 1 0.97 0.91 0.78 0.74 0.71 
~ 
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4. I)ISCUSSION 

'l'he experiments carried out during the present investigations have shown that the time of 
s~edling ernergence in a population depends directly on the growth rate of the germs. Although 
it iH jndisputable, the influence of the seed size and the density and depth of sowing is of an 
indirect nature, being exerted via a stimulating or inhibiting effect on the growth of the germs. 
1'11iH statement is supported by the following three facts: (1) the earlier emergence of seedlings 
fron1 large seeds than from the s1nall ones, although tl1e first to germinate in the Petri dishes 
\\'ere small seeds; (2) the earlier emergence of seedlings derived from a thin sowing, as opposed 
to a <lense one, with the same seed size used, although in Petri dishes no effect was found of the 
der1si ty of seeds on the rate of germination; (3) the more marked -differences between the time 
of emergence of the seedlings from large and small seeds at a deeper sowing than at a shallow 
one. 

'f'l1e studies have thus revealed a significant relationship between the growth rate of seedlings 
, 

and the size of the seeds, and density and depth of sowing, although both the growth rate and 
the germinating energy are first of all a property of the species, and even a property of the 
in,lividual ( R a b o L n o v 1950),. 

'fl1c f a<'tors taken into account during the studies affected also the percentage of seedlings 
relative to the total number of seeds sown, and to the viable seeds. It was clearly lower in the 
<:asr of small Heeds, dense sowing and deep sowing. These results support the point that a 
<·<>nHiderahle percentage of germs dies at the earliest life stage, before they can manage to 
~rr1t~rge fron1 Lhe soil in the form of seedlings. The advantages provided by larger amounts of 
sl<>rcd 1r1alerialH <·011tained in large seeds, and by a low density of individuals with a poor supply 
<>f r1utrie11t~ in tl1e habitat have been known from many slt1dies, and have been many times 
<liscus~ed in various ecological papers (Sa Ii s h u r y 1942, Ra ho t no v 1950, 
S 11 k a c e v 195:J, W a It er 1962, Grime and J e ff re y 1965, 11 a r p er 1967, 
R o s s and H a r p e r 1972). 

Germ mortality, especially at highs density levels, is connected with the competitive struggle 
for spa<~e and food (Zar z y ck i 1965), which, according lo the paper by Ross and 
~I a r p er (1972) is already noticeable at the earliest life stage of the germs. The two authors 
are of the opinion that the ability of germs to cause starvation of neighbouring germs depends 
on the time of their emergence, the earlier they appear in the common area, the stronger this 
ability is; the influence on a ''neighbour'' of germs which appear at a later time is much weaker. 

ll is known also from studies carried out so far tnat the competition among germs causes a 
reduction in their numbers, or in the size or weight of the seedlings that will develop from 
them, in the latter case the number of germs remaining the same (H a r p e r and M c N a u -
g h t o n 1962, Y oda 1963 - after fl a r p e r 1967, A n t o n o v i c s 1972). 

In the case of the species studied during the present series, at high seed densities there 
oc<~urred primarily a reduction in Lhe number of germs, dt1e to which the numbers of seedlings 
recorded at the end of the experiments were very similar. The numbers of seedlings, equalized 
to a considerable extent in spite of the great differences in the density of the seeds sown, 
confirmed the view held by Y oda (1963 - after II a r p e r 1967) that regardless of the 
dif.f erences between the initial populations, the maximal population densities tend to converge 
as time passes. · 

Due to the fact that at high densities there occurred a considerable reduction in the number 
of germs and seedlings, the size of the seedlings did not vary significantly with the different 
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sowing densities used. Because it was impossible to culture seedlings at very high densities, it 
would be difficult to speak about any possible relationships between the density of. sowing c;tnd 
the seedling size or weight. This relationship is known to be common in many plant species 
(W i t t 1961, 0 b e i d 1965, P a I m b I a d 1968, M a r s c h a l l a11d J a i n. 1969, 
Pu t w a i n and H a r p er 1970, W i l k o n -Mi c ha I s k a 1976). 

The positive effect, found in the present study, of the larger size of the seeds on the size of 
the seedlings seems to he only indirect. It results mainly from the faster rate of gro~th of the 
gerrns, owing to which the seedlings are able to occupy a larger biological space, and thereby 

obtain better conditions for their growth. 
When discussing the results of the present investigations, the fact ·should also be noted that 

both the time of germination and the process of germination, as well as the emergence of 
seedlings are to a large degree determined genetically, thus being to some extent independent of 
the external conditions. This is indicated by the fairly large time amplitude between the 
appearance of the first seedling and of the last seedling, and between the germination of the 
first seed and of the last one, in spite of the fact that the conditions which accompanied the 
germination and the growth of seedlings were identical. 

An analysis of the per cent mortality of seedlings in relation to an earlier or later emergence 
also leads to the conclusion that the viability of the seedlings, too, is to some extent an 
individual character. A steady increase in the percentage of seedlings dying as they appeared in 
the plots could only be seen at the highest density. This was similar to the situation observed 
under field conditions (S y m o n i d e s 1977). At lower densities the relationship between the 
mortality of seedlings and the time of their emergence did not occur so consistently in any of 
the species studied. The differences in the picture of this relationship between field conditions 
and a pot culture are certainly connected with the period of germination and the period needed 
by the seedlings to get fixed, because in pot culture these periods are much shorter. This in turn 
reduces the differences in the size of the individual seedlings and their development, and 
thereby also differences in the competitive power an1ong the seedlings emerging successively. 
For example, the period of germination of l'orynephorus canescens seeds in a natural habitat is 
three, or even four times as long as under laboratory conditions. It is obvious that with a large 
time amplitude the first seedlings will be much larger and will have a greater ability to exert an 
influence on those seedlings which emerge in a later period. Such a situation does not occur in a 
pot culture if the differences in the time of emergence of the seedlings are not so great. 

5. CONCLlJSIONS 

On the basis of the present studies the following conclusions can he put forward: 
1. Seed size and the density and depth of sowing determine first of all the rate of growth of 

the germs, which in turn affects the time and rate of growth of the seedlings. 
2. The number of seedlings is smaller not only in relation to the number of seeds sown, hut 

also relative to the number of germs. This indicates germ mortality at the earliest stage of their 

life. 
3. The per cent mortality of germs and seedlings depends on the size of seeds, as well as on 

the density and depth of sowing. 
4. Regardless of the number of seeds sown ( within the sowing density range used in the 

experime11ts ), the species under study showed a strong tendency to even the numbers of 
seedling survivors. 
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5. Due to a high mortality of germs and seedlings, the factors taken into acco11nt during the 
studies, except the seed size, did not significantly affect the size of the seedling survivors. 

6. The less marked relationship betwe~n the survival of seeds and the time of their 
emergence, as compared with the close relationship observed under field conditions, probably 
resulted from the fact that in the pot culture the ,time of seed germination and the time needed 
by the seedlings to get fixed were shorter. 

6. SUMMARY 
• 

Laboratory experiments were carried out, the aim of which was to establish a possible influence of the size 
of seeds, and of the dcns~ty and depth of sowing on the time and course of germinating, and fixing of the 
seedlings, and on the survival of seedlings in three psammophyte species: Corynephorus canescens, Spergula 
vernalis and Aridrosace septentrionalis. 'fhe studies were carried out in continuation of earlirr observations of 
seedling: mortality in psammophytc populations under natural conditions ( S y m o n i d e s 1977). 

The germinating capacity of large and small seeds (selected by means of_ a series of sieves differing in mrsh 
size - in the cas(• of seeds of Spergula vernalis and Androsace septentrionalis, and by direct measurtmrnt -
in the case of Corynephorus canescens caryopses) at two different sowing densities (100 and 300 set'ds) was 
assessed in Petri dishes. In the soil experiments, large and small seeds of each species, three different sowing 
densities (100, 200 and 400 seeds per l(H) cm 2 

), and two different sowing depths (0 . .5 and 3.(t cm) were 
' used. Each experimental variant was replicated three times. At the end of the experiments the seedlings were 

removed from the soil, whercafter their underground and above-grour,d parts were measured. The calculations 
made conc~rned th<' percentage of germs and seedlings, relative to the tot.al number of seeds sown, perc,·ntage 
of seedlings relative to the number of germs, and thr per cent mortality of seedlings, dependinp: on the 
varying time of 1 heir emergence - separately for each variant of seed size, and density and depth of sowing. 
Tl\e effect was analyzed of the above-enumerated factors on the germination, survival and on the size of the 
seedling survivors. 

Small seeds were found to germinate earlier, but in a smaller percentage than the large set>ds, th<' density 
of the seeds sown having no significant effect on the rate and course of germination (Fig. 1 ). Under soil 
conditions, seedlings derived from large seeds, and thin and shallow sowing emerged faster (Fi~s. :!-4 ), and a 
larger percentage of them survived than of those derived from small seeds, at dense and deep sowing 
(Figs. 5-7). Regardless of the 11umber of seeds sown, the numbers of seedlings which survived until the end 
of the experiments wer{' fairly similar (Fig. 8). Because the number of seedlings which emerged at a high 
density had been reduced considerably, no effect of density on the size of seedling survivors could be sfen 
(Table I); this relationship occurs in many plant species (W i t t 1961, P a 1 m b 1 a d 1968, M a r s c h a l 1 
and Jain 1969, Pu twain and Harper 1970, Wilkoll-Michalska 1976). 

A comparison of the results from the experiments carried out in Petri dishes with those obtained from pot 
culture leads to the conclusion that the effect of the factors, taken into account during the investip.:ations, on 
the time and rate of emergence of the seedlings is only of an indirect nature, brcausc it is exerted via their 
influcence on the rate of growth of the germs. A smaller number of seedlings, relative to the number of seed.:; 
sown and to the number of germs, indicates a strong competition among the germs for space and food, the 
competition being particularly evident when there is a high density pressure (Sa 1 is h u r y 1942, 
R a b o t n o v 19 5 0, S u k a c e v 19 :3 3, W a 1 t c r 1962, G r i m e and J e f f r e y 19 6 :"i, H a r p e r 

1967, Ross and Harper 1972). 

7. POLISH SUMMARY 

Przeprowadzono doswiadczenia w warunkach laboratoryjnych, ktorych celem bylo ustalenie ewentual
nego wptywu rozmiaru nasion, g~stosci i gl~bokosci siewu na termin i przebieg kielkowania i utwierdzania 
siewek oraz na przezywanie siewek u trzech gatunkow psammofilnych: Corynephorus canescens, Spergula 
vernalis i A ndrosace septentrionalis. Badania te byty kontynuacj~ wczesniej przeprowadzonych obserwacji 
nad wymieraniem siewek w populacjach psammofit6w w warunkach naturalnych (Symon ides 1977). 
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Zdolnosc kielkowania duzych i malych nasion (wyselekcjonowanych za pomoc<l systemu sit o r6znej 
srednicy oczek \V przypadku nasion Spergula vernalis i A11drosace septentrionalis oraz metodc\ bezposredniego 
pomiaru w przypadku ziarniak6w lorynephorus canescens) w dw6ch gystosciach siewu (100 i 300 sztuk) 
oceniono na plytkach Petriego. Doswiadczenia glebowe uwzgl~dnialy duze i ma le nasiona kazdego gatunku, 
trzy gystosci siewu (100, 200 i 400 nasion na powierzchni 100 cm2

) oraz dwie gl~bokosci siewu (0,5 i 
3,0 cm). Kazdy wariant powt6rzony byl trzykrotnie. Przy koncu doswiadczenia siewki usuni~to z gleby oraz 
zmierzono ich czysci podziemne i nadziemne. Obliczenia dotyczyly procentu kielkowania i wyrastani?. 
sjewek w stosunku do og6lnej liczby wysianych nasion, procentu wyroslych siewek w stosunku do liczby 
kielk6w oraz procentu wymierania siewek w zwic!Zku z r6inym terminem ich wyrastania - oddzielnie dla 
kazdego wariantu rozmiaru nasion, gystosci i glybokosci siewu. Przeprowadzono analizy wplywu ..vymienio
nych czynnik6w na kielkowanie, przezywanie i rozmiar przezywaj~cych siewek. 

Okazalo siy1 ze nasiona male kielkuj~ szybciej, ale w mniejszym procencie niz duie, przy czym 
zagyszczenie posianych nasion nic wplywa istotnie na tempo i przebieg kielkowania (rys. 1). W warunkach 
glebowych szybciej wyrastaly siewki pochodz~ce z du:iych nasion, rzadkiego i plytkiego siewu (rys·. 2 - 4) i w 
wyzszym procencie przezywaly niz pochodz~ce z nasion malych, przy gystym i glybokim siewie (rys. 5- 7). 
Niczaleznie od liczby posianych nasion stwierdzono w znacznym stopniu wyr6wnanie liczby przezywaj~cych 
do konca doswiadczen siewek (rys. 8). Wskutek znacznej redukcji liczby siewek wyrosrych w duzym za
g~szczeniu - nie stwierdzono wplywu zagyszczenia na rozmiar przezywaj~cych siewek (tab. I); zaleznosc ta 
wystypuje u wielu gatunk6w roslin (Witt 1961, Pa Im b I ad 1968, Marsch a 11 i Jain 1969, 
Putwain i Harper 1970, Wilkon-Michalska 1976). 

Por6wnanie wynik6w doswiadczen przeprowadzonych na szalkach Petriego z wynikami ho_dowli w 
warunkach glebowych prowadzi do wniosku, ze wplyw uwzglydnionych w badaniach czynnik6w na termin i 
tempo wyrastania siewek jest tylko posredni, realizuje siy bowiem poprzez oddzialywanie na tempo wzrostu 
kielk6w. Nizsza liczba wyrosl'ych siewek, w por6wnaniu z liczb~ wysianych i wykierkowanych nasion, 
swiadczy o silnej konkurencji miydzy kielkami o przestrzeti i pokarm, zaznaczaj~cej si~ szczeg61nie wyra.inie 
przy dui:ej presji zagyszczenia (Salisbury 1942, Ra bot no v 1950, Suk ace v 1953, Walter 
1962, Grime i Jeffrey 1965, Ross i Harper 1972). 
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