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A b s t r a c t

Studies were conducted in 2007–2009 in the Western 
Podlasie region to examine the seed production potential of 
Consolida regalis under different habitat conditions. Consolida 
regalis populations from 15 sites representing the habitat am-
plitude of this species were examined. Thirty morphologically 
different plants were sampled from each habitat and soil samples 
were taken to determine soil contents of available phosphorus 
(P), potassium (K) and magnesium (Mg) as well as pH. The re-
sults were statistically analysed.

The seed production potential of the species studied 
was most strongly correlated with soil contents of magnesium 
(Mg), potassium (K), phosphorus (P) and soil pH. By con-
trast, the kind of crop plant and its cover were insignificant. 
Of the plant characteristics, plant height and traits associated 
with inflorescence structure had a significant influence on seed 
production potential. The populations with the greatest seed 
production potential produced an average of 1287 and 965 se-
eds per plant. These populations were associated with the most 
fertile sites (good wheat soil complex) where the differences in 
seed production potential resulted from the nutrient contents 
and soil pH. By contrast, the least seeds were produced by 
plants growing on poor and acidic light soils. The average seed 
number per plant ranged from 42 to 83. Low concentrations of 
the nutrients examined were determined, with the soil content 
of magnesium being very low.

Key words: Consolida regalis, seed production, winter cere-
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INTRODUCTION

Weeds are characterised by a very high seed 
production potential which is crucial for their survival 
under the conditions of high anthropological pressure. 
They can produce millions of seeds per plant [1,2] and 

their seed production potential is much higher that the 
generative reproduction of crop plants. Seed produc-
tion potential is a species-specific characteristic which 
is also influenced by certain habitat conditions such as 
soil density, kind of crop plant and conditions within 
the stand (crop plant density) [1–3], in a stubble field 
[4] or fallow [5]. It may be of interest to find out what 
the effect of selected habitat factors on the amount of 
Consolida regalis seeds set and produced is, as the 
species is characterised by various threat levels at na-
tional and regional scales [6]. There has recently been 
observed diminished soil fertility of sites with this spe-
cies in the study area, whereas in Lower Silesia an oc-
currence of Consolida regalis dropped by as much as 
40% [7]. The objective of the study was to determine 
Consolida regalis seed production potential in winter 
cereal crops and stubble fields under different habitat 
conditions as related to soil nutrient abundance and 
crop plant density.

MATERIALS AND METHODS

The studies were conducted from 2007 to 2009 
in the Western Podlasie region. They included Consoli-
da regalis populations infesting crop plants and stub-
ble fields belonging to agricultural complexes of vari-
ous soil quality. A total of 15 sites representing soils 
preferred by this plant were selected to obtain plants 
(Table 1) (Fig. 1). The soil unit was determined based 
on agricultural soil maps at a scale of 1:5000.

In order to record the lowest and highest seed 
production, 30 morphologically diversified plants were 
sampled from each site; the overall number of sampled 
plants was 450. Population potential in the sites studied 
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was determined based on the average seed number per 
mature follicle (seeds were counted in all mature fol-
licles for each plant). It was assumed that immature 
follicles would develop seeds able to sprout before 
harvest. Due to seed falling and uneven seed maturing, 
only plants in which 50% of seeds were at the stage 
of milk to dough maturity (around two weeks before 
cereal harvest and 5–6 weeks after harvest in stubble 
fields) were sampled. At each site soil samples were 
taken from the plough layer to determine pH in KCl, 
available phosphorus (P), potassium (K) and magnesi-
um (Mg) contents. Chemical analyses were performed 

at a certified laboratory of the National Chemical and 
Agricultural Station in Warsaw. The results were sta-
tistically analysed [8]. Variation coefficients were cal-
culated for the average seed number per site. In order 
to determine the significance of differences in seed 
production potential of the study sites, the Kruskal-
Wallis test, which is a non-parametric equivalent of 
ANOVA, was used at p0.05. The strength of associa-
tion between seed production potential, habitat condi-
tions studied and selected morphological characteris-
tics were examined using the Spearman’s rank correla-
tion coefficient. 

 
Fig. 1. Location of the study area

Soil quality complexes – 2 – good wheat complex, 4 – very good rye complex, 5 – good rye complex, 6 – weak rye complex, 
8 – cereal-fodder strong complex (mainly for wheat), 9 – cereal-fodder weak complex (mainly for rye), A – podzolic soil, 
B– proper brown soils, Bw – leached and acid brown soils, D – proper meadow black earths, Dz – black degraded earths; 
pgl – light loamy sand, pgm – heavy loamy sand, pgmp – heavy loamy flour sand, płz – silty loam, żg – clay gravel, gl – light 
loam, gs – medium loam, gc – heavy loam, ”•”– subsoil lies shallow (up to 50 cm)
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Table 1.
Geographic location of the Consolida regalis sites studied in the Western Podlasie region 

No Site (local name) Mesoregions [16] Coordinates

1 Kałuszyn Kałuszyn Upland 52 6 46,19N; 21 47 2,95E

2 Strzała Siedlce Upland 52 12 12,53N; 22 15 56,52E

3 Sutno PPB 52 18 38,05N; 23 6 58,23E

4 Kałuszyn Kałuszyn Upland 52 13 16,91N; 21 47 51,11E

5 Jagodne Węgrów Depression 52 12 14,41N; 22 20 36,05E

6 Bojmie Węgrów Depression 52 12 32,06N; 21 57 28,19E

7 Sutno PPB 52 18 13,31N; 23 6 6,48E

8 Wasilków Skrzeszewski PPB 52 25 27,78N; 22 3022,79E

9 Stok Lacki Siedlce Upland 52 9 33,92N; 22 21 49,39E

10 Jędrzejów Kałuszyn Upland 52 12 9,3N; 21 42 56,97E

11 Piaseczno Kałuszyn Upland 52 6 31,2N; 21 44 46,16E

12 Węgrów Węgrów Depression 52 24 2,24N; 21 59 17,23E

13 Wielądki Węgrów Depression 52 23 45,75N; 21 49 42,4E

14 Kolonia Wiśniew Siedlce Upland 52 5 17,59N; 22 17 40,89E

15 Kolonia Wiśniew Siedlce Upland 52 4 44,69N; 22 17 51,94E

RESULTS

In the area of Western Podlasie, Consolida re-
galis is not a threatened species. On the contrary, it is 
a frequent component of segetal flora infesting winter 
crops and regenerating in uncultivated stubble fields. 
Royal knight’s spur populations grow under a wide 
range of habitat conditions. (Table 2). 

They vary greatly when it comes to generative 
reproduction and the average seed number per plant 
ranges from a few tens to over 1200. A high Kruskal-
-Wallis value (p0.05) of H=320.6, which reflects an 
association between the characteristic analysed and 
site, is indicative of high significant differences in seed 
production potential (Fig. 2). 

The analysis of the strength of association be-
tween habitat factors and seed production potential 
revealed significant relationships. The strongest cor-
relation was found between seed production and soil 
contents of Mg and K; the correlation was slightly we-
aker between the production and soil pH, soil content 
of phosphorus and soil unit. No significant relationship 
was found of seed production with crop plant kind and 
cover (Table 3).

The highest and most stable seed production 
was characteristic of the royal knight’s spur popula-
tions growing on soils of the good wheat complex – si-
tes 13 and 11 in winter triticale and wheat. Crop plant 
cover was large and reached 85%. The average seed 
number per plant was 1287 and 965, respectively (Ta-
ble 4) (Fig. 2).

The respective soil pH was neutral and sligh-
tly acidic; soil contents of phosphorus and potassium 
were high, magnesium content was medium for site 
13, whereas for site 11 soil contents of potassium and 
magnesium were slightly lower (Table 2). Under simi-
lar conditions (site 12) but at low K content and 70% 
cover, the average seed production was highly unsta-
ble and half as low – 683 seeds. This population was 
characterised by the greatest range of seed production 
potential: from 42 to 3740 seeds per plant. It probably 
resulted from uneven depletion of soil nutrient rese-
rves in the area of the whole site which was sampled.

The populations growing on soils which were 
moderately trophically rich had average seed produc-
tion potential (very good and good rye complex and 
strong cereal-fodder complex) – sites 2, 3, 7, 8 and 
14. (Table 4) (Fig. 2). The soil pH was slightly acidic 
and soil contents of phosphorus, potassium and ma-
gnesium were usually at an average level. The average 
seed number per plant ranged from 875 and 520.

The poorest generative reproduction was identi-
fied for the populations of sites 1, 4, 5 and 15 on poor 
soils (weak rye complex and cereal-fodder complex). 
Soil pH ranged from very to slightly acidic and nutrient 
contents were low, the soil content of magnesium be-
ing very low. The average seed number per plant was 
83, 42, 155 and 127, respectively. The populations es-
tablished in stubble and cultivated fields.

Seed production of the sites studied may incre-
ase by 20–30% under favourable conditions if the flo-
wers on plants set seeds which survive to maturity.
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Table 3
Spearman’s rank-order coefficients between seed production potential

and selected habitat characteristics

Pair of variables
Spearman’s rank-order
correlation at p<0.05

Soil & seed production potential 0.757893*

Cultivation & seed production potential 0.011194

% of crop plant cover & seed production potential 0.480611

soil pH & seed production potential 0.617857*

P & seed production potential 0.632143*

K & seed production potential 0.889089*

Mg & seed production potential 0.867857*

*significant at<0.05

Table 4
Average seed production of Consolida regalis Gray at the sites studied

No Site Average number of seeds per plant Variation coefficient %

1 Kałuszyn 83 69

2 Strzała 520 47

3 Sutno 590 41

4 Kałuszyn 42 114

5 Jagodne 155 47

6 Bojmie 314 51

7 Sutno 875 44

8 Wasilew Skrzeszewski 843 97

9 Stok Lacki 330 73

10 Jędrzejów 310 55

11 Piaseczno 965 41

12 Węgrów 683 112

13 Wielądki 1287 35

14 Kolonia Wiśniew 598 21

15 Kolonia Wiśniew 127 32

DISCUSSION

Consolida regalis is a weed typical of winter 
cereals. It is classified as an indicator of dense soils 
which are rich in calcium carbonate. The plant’s light 
requirements are high and it prefers warm sites [9,10]. 
The royal knight’s spur occurred in a range of habi-
tats in the study area, which indicates that the plant 
is tolerant of unfavourable soil conditions. Consolida 
regalis was found on both dense soils with high pH 
values and light trophically poor and acid soils. How-
ever, the species clearly prefers fertile soils and then 
its seed production potential is the highest. Many au-

thors [1,3,11] have reported that dense cereal stands 
are the factor which limits the development and seed 
production potential of many weed species. The pre-
sent study has demonstrated that the above finding is 
not true for the royal knight’s spur, the species which 
has evolutionarily adjusted to the cereal development 
cycle. In dense stands plants were found which were 
much taller than the typical plants reported in literature 
[12,13]. Moreover, they had more branches in the top-
most part of the canopy which receives most sunlight 
[14]. Populations in these sites produced the greatest 
number of seeds of all the samples subjected to analy-
sis. Substantial differences in population generative 
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reproduction which are apparently observed under the 
same habitat conditions (large plant cover, good wheat 
complex) depended on soil contents of P, K and Mg 
as well as soil pH. Decreasing nutrient contents were 
associated with lower Consolida regalis seed produc-
tion which dropped by 25% in site 11 and by as much 
as 53% in site 12. Even on light soils Consolida re-
galis seed production was quite high when the soils 
had optimum nutrient contents. Also P o d s t a w k a -
C h m i e l e w s k a  et al. [3] and K w i e c i ń s k a -
P o p p e  [2] pointed out to habitat conditions as the 
main factors affecting seed production levels of some 
weeds infesting various crops. 

The analyses of statistical correlations con-
firmed that the seed production potential of the popu-
lations studied was very much influenced by soil con-
tents of P, K and Mg as well as by soil pH. In contrast, 
crop plant cover and kind were not significant. The 
morphological characteristics which significantly af-
fected seed production potential included plant height 
and traits associated with inflorescence structure. The 
association between seed production potential and 
plant height were reported by authors such as M a j d a 
et al. [5] for fallow species as well as R z y m o w s k a 
and S k r z y c z y ń s k a  [15] for Agrostemma githago 
and Centaurea cyanus in the Siedlce Upland region.

CONCLU SIONS
1. Consolida regalis is highly variable in terms of 

seed production potential, which is influenced by 
habitat conditions.

2. Seed production potential is most strongly corre-
lated with soil contents of Mg, K, and P as well as 
with soil pH, whereas crop plant kind and cover are 
insignificant.

3. Morphological characteristics which are most 
strongly correlated with seed production potential 
include the following: number of mature and im-
mature follicles, number of seeds per follicle, num-
ber of clusters, and plant height.
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Wpływ uprawy pasowej i metod regulacji
zachwaszczenia na różnorodność chwastów

w kukurydzy pastewnej (Zea mays L.),
owsie siewnym (Avena sativa L.)

i łubinie wąskolistnym (Lupinus angustifolius L.)

S t r e s z c z e n i e

Doświadczenie przeprowadzono w latach 
2008–2010 w Stacji Doświadczalnej Wydziału Nauk 
Rolniczych, Uniwersytetu Przyrodniczego w Lublinie. 
Schemat badań obejmował dwa czynniki: I. Metoda 
uprawy – siew czysty i uprawa pasowa, polegająca 
na uprawie w sąsiadujących ze sobą pasach o szero-
kości 3,3 m trzech roślin: kukurydzy pastewnej, łu-
binu wąskolistnego i owsa siewnego; II. Metoda re-
gulacji zachwaszczenia – mechaniczna i chemiczna 
Przedmiotem badań było zachwaszczenie kukurydzy 
pastewnej odmiany ‘Celio‘, łubinu wąskolistnego

odmiany „Sonet” i owsa siewnego odmiany ‘Kasztan’. 
Zachwaszczenie roślin określano dwa tygodnie przed 
zbiorem, metodą botaniczno-wagową, określając skład 
florystyczny i liczebność poszczególnych gatunków 
chwastów oraz ich powietrznie suchą masę. 

Największą różnorodność chwastów stwierdzo-
no z zasiewach łubinu wąskolistnego, najmniejszą zaś 
w kukurydzy pastewnej. Gatunkami dominującymi
w zachwaszczeniu kukurydzy, łubinu wąskolistnego
i owsa siewnego były Echinochloa crus-galli, Cheno-
podium album oraz Galinsoga parviflora stanowiące 
od 34,1% do 99% ogólnej liczby chwastów. Uprawa 
pasowa wyraźnie zmniejszała liczbę chwastów na jed-
nostce powierzchni w zasiewach łubinu wąskolistne-
go i owsa siewnego oraz wytworzoną przez nie sucha 
masę części nadziemnych we wszystkich uprawianych 
gatunkach. Chemiczna metoda regulacji zachwasz-
czenia zmniejszała istotnie zarówno liczbę jak i masę 
chwastów w porównaniu z metodą mechaniczną.
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