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A b s t r a c t

Vicia hirsuta (L.) Gray S.F. (tiny vetch) is a common 
and persistent segetal weed. Tiny vetch seeds and pods reach 
different stages of maturity during the crop harvest season. 
Some seeds that mature before cereal harvest are shed in the 
field and deposited in the soil seed bank, while others become 
incorporated into seed material. 

The objective of this study was to describe selected 
aspects of tiny vetch seed ecology: to determine the rate of 
individual reproduction of vetch plants growing in winter and 
spring grain crops and to evaluate the germination of seeds at 
different stages of maturity, subject to storage conditions. 

The seeds and pods of V. hirsuta were sorted according 
to their development stages at harvest and divided into two 
groups. The first group was stored under laboratory conditions 
for two months. In the autumn of the same year, the seeds were 
subjected to germination tests. The remaining seeds were stored 
in a storeroom, and were planted in soil in the spring. The ger-
mination rate was evaluated after 8 months of storage.

Potential productivity (developed pods and flowers, fru-
it buds) was higher in plants fruiting in winter wheat than in 
spring barley. Vetch plants produced around 17-26% more pods 
(including cracked, mature, greenish-brown and green pods) and 
around 25% less buds in winter wheat than in spring barley.

Immature seeds were characterized by the highest ger-
mination capacity. Following storage under laboratory con-
ditions and stratification in soil, mature seeds germinated at 
a rate of several percent. After storage in a storeroom, seeds at 
all three development stages broke dormancy at a rate of 72-
75%. The high germination power of tiny vetch seeds stored 
in a storeroom indicates that this plant can be classified as an 
obligatory speirochoric weed species.

Key words: Vicia hirsuta, tiny vetch, germination, seed matu-
ration, storage, generative reproduction

INTRODUCTION

The segetal species of the wild-growing Vicia 
hirsuta (L.) Gray S.F. (tiny vetch) are semelparous 
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plants that rely exclusively on generative reproduction. 
Seeds are the reproductive unit in tiny vetch. Mature 
seeds are easily shed by dry, cracked pods. According 
to K o r n a ś  (1972), the released generative diasporas 
of tiny vetch spread by autochory (ballochory and ba-
rochory) and anthropochory, mainly speirochory with 
the sowing of mostly grain crops. In the crop harvest 
season, the seeds and pods of tiny vetch reach differ-
ent stages of maturity. Some of the seeds that mature 
before cereal harvest are shed in the field and depos-
ited in the soil seed bank. The remaining seeds are col-
lected with the crops, i.e. cereal grain. 

Most species of Fabaceae have an impermeable 
seed coat that imposes a physical exogenous dormancy 
(B a s k i n  and B a s k i n , 1998; V a n  A s s c h e  et al. 
2003). This family is dominated by species producing 
hard seeds, although certain species rarely grow them 
(G r z e s i u k  and K u l k a , 1981). Hard seeds are 
a form of seed dormancy which is defined by ISTA 
(1985) as seeds which remain hard at the end of the 
prescribed test period due to seed coat impermeability 
to water. Many authors suggest that the ability to pro-
duce hard seeds is generally a hereditary trait (B a s k i n 
and B a s k i n , 1998; G r z e s i u k  and K u l k a , 1981; 
R a m s a y , 1997). 

From the biological point of view, the formation 
of seeds with water-impermeable coats is beneficial for 
the given species. Hard seeds are marked by higher vi-
ability and the ability to germinate after different dor-
mancy periods. Those traits contribute to the preser-
vation of certain wild plant species (G r z e s i u k  and 
K u l k a , 1981). 

Research studies indicate that legume seeds 
become able to germinate at a specific development 
stage. It has been demonstrated (C r i s t a u d o  et al. 
2008; G r z e s i u k  and K u l k a , 1981) that legume 
seed dormancy is a function of maturity. Seeds col-
lected during early stages of development germinated 
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relatively well, after which signs of dormancy were 
clearly manifested. Dormancy is usually deepest at full 
maturity (G r z e s i u k  and K u l k a , 1981). In a dif-
ferent study, germination increased with seed maturity 
(e.g. G r e s t a  et al. 2007; S a m a r a h , 2005; S a m a -
r a h  and A b u - Y a h y a , 2008). 

Weed seeds are stored with seed material un-
til the spring. The conditions under which seeds are 
stored after harvest affect the dormancy of both field 
crop seeds and weed seeds. Desiccation and pre-chill-
ing were shown to have an effect on the germination of 
seeds harvested at different maturity stages (S a m a -
r a h  et al. , 2003; S a m a r a h  and M u l l e n , 2004). 
Air-drying and pre-chilling were suggested methods for 
improving the germination of immature seeds in some 
crops (B e w l e y  and B l a c k , 1994; D a s g u p t a  et 
al. 1982; R a s y a d  et al. 1990). Literature data con-
cerning the effect of maturity stage and storage condi-
tions on the germination and dormancy of wild plant 
seeds are scant (K u c e w i c z  and H o ł d y ń s k i , 
2003).

The objective of this study was to describe se-
lected aspects of tiny vetch seed ecology: to compare 
the rate of individual reproduction of vetch plants 
growing in winter and spring grain crops, to evalu-
ate the germination rate subject to the morphologi-
cal diversity and maturity of seeds upon harvest, and 
to determine the effect of storage conditions on seed 
germination. 

mATERIALS AND mETHODS

The species

Vicia hirsuta (L.) S. F. Gray (tiny vetch) is an 
annual plant found in nearly all of Europe (T u t i n , 
1968). In Poland tiny vetch is a common and persist-
ent segetal weed species (H o ł d y ń s k i  et al. 1986; 
K o r n i a k , 1992). 

Pod and seed collection and storage
Vicia hirsuta seeds were collected from the 

populations growing in winter and spring grain crops 
in north-eastern Poland (Tomaszkowo, Warmia and 
Mazury Region) in July and August 2001. The seeds 
were removed from pods by hand and separated into 
3 groups, according to the development stages of pods 
and seeds. The pod and seed development stages were 
determined and described based on pod and seed color. 
Pods and seeds were classified as follows: 1) green 
seed/pod (G); 2) greenish-brown seed/pod (GB); 3) 
brown seed/pod (B), fully mature seeds. The descrip-
tion of maturity stages is shown in Table 1. Seeds at 
each development stage were divided into two groups. 
The first group was dry-stored in paper bags under 
laboratory conditions at ambient temperature (19±2°C) 

and RH (relative humidity) 35-45% for 2 months. In 
the autumn of the same year, seeds were subjected 
to germination tests. The remaining seeds were stored 
until spring, as follows: under laboratory conditions, 
in paper bags; in a storeroom at 3-8oC and RH 35-
45% (dry-prechilling); buried outside in nylon bags, 
at a depth of 7 cm. The germination rate was evaluated 
after 8 months of storage. 

Germination test
Seeds were placed in Petri dishes on two layers 

of filter paper moistened with 10 ml of distilled water, 
and were incubated at 20±1oC in the dark. Prior to the 
germination test, stored seeds were surface sterilized 
with the fungicide Pimafucin. For each treatment, five 
replicates of 50 seeds were used. Seeds were consid-
ered to be germinated with the emergence of the radi-
cle. The number of germinated seeds was counted at 4, 
10, 14 and 21 days after planting. Germination speed 
was estimated by calculating the germination rate in-
dex (GRI) as described by M a g u i r e  (1962) using 
the following formula:

number of 
normal seedlings

day of first count

number of 
normal seedlings

day of final count
GRI = 

+
–
+

...
+
–
+

The final percentage of germinated seeds was 
calculated for 21 days following seed sowing. 

The results are presented as means of the ger-
mination percentages obtained in five replicates ± SE 
of the mean. 

Fresh weight, dry weight and seed moisture 
content determination
At each development stage, five replicates of 

100 seeds were randomly taken from the harvested 
seeds to measure fresh weigh (FW), dry weight (DW) 
and percentage seed water content (WC). The fresh 
weight of seeds was recorded immediately after sepa-
ration from the pods. Seed samples were dried in the 
oven at 103°C for 24 hours and the dry weight of seeds 
was recorded to determine seed moisture content (%) 
on wet weight basis. 

Generative reproduction 
In the pre-harvest period, 50 individuals were 

randomly selected from four populations infesting win-
ter wheat and from three spring barley populations in 
the area of Tomaszkowo (Warmia and Mazury Region). 
The number of flowers, setting pods and pods at dif-
ferent stages of development were determined for each 
individual (their total number was described as potential 
productivity). Actual productivity was identified as the 
part of generative reproduction excluding setting pods 
and flowers. Individual productivity was determined 
based on the fixed number of seeds per pod (2).
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Stages of maturity Pod description Seed description

Green (G) Green, flat, hairy Green, soft, flat, lightly 
wrinkled when dried

Greenish-brown (GB) Greenish-brown, filled, with clearly 
visible seeds, hairy 

Green, speckled with brown 
spots, filled

Brown (B) Dark brown to black, dry, hairy Beige to brownish, with 
numerous brown spots, hard

Table 1
Description of Vicia hirsuta pods and seeds at three development stages

RESULTS AND DISCUSSION

Generative reproduction 
The tiny vetch’s longer life cycle in winter 

wheat resulted in higher total actual productivity and 
potential productivity in comparison with its reproduc-
tive output in spring barley (Fig. 1). The actual pro-
ductivity was higher in plants fruiting in winter wheat 
than in spring barley, and it amounted to 173 pods (346 
seeds) and 128 pods (256 seeds), respectively. Poten-
tial productivity which, in addition to developed pods, 
accounted also for flowers and fruit buds, reached an 
average of 178 pods (356 seeds) in winter wheat and 
134 pods (268 seeds) in spring barley. Vetch plants pro-
duced around 17-26% more pods (including cracked, 
mature, greenish-brown and green pods) and around 
25% less buds in winter wheat than in spring barley. 
In this study, the individual productivity of tiny vetch 

was similar to the results noted by D o b r o c h o t o w 
(1961), W e h s a r g  (1961) and K o r s m o  (1930), 
but it was much below the findings of M a l i c k i  and 
K w i e c i ń s k a  (1999). The generative reproduc-
tion rate of tiny vetch in winter and spring crops was 
investigated by P a w ł o w s k i  (1966). The values 
noted in populations infesting winter wheat were sim-
ilar, while those regarding spring barley were lower 
than the findings of this study. Vetch is characterized 
by a much higher productive potential than indicated 
by the studies of arable crops. Its generative reproduc-
tion rate in barren land was more than fourfold higher 
(M a j d a  et al. 2007) than in crop fields. Such high 
differences are explained by the fact that generative 
reproduction is a species-specific character which 
is modified by environmental factors (F a l i ń s k a , 
1977; K w i e c i ń s k a - P o p p e , 2006; M a l i c k i -
K w i e c i ń s k a ,  1999; P a w ł o w s k i  et al. 1970). 

Fig. 1. Comparison of the rate of individual reproduction (number of pods/plant) of Vicia hirsuta plants growing in winter and spring 
grain crops
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Fresh weight and moisture content
Fresh weight (100 seeds) varied subject to the 

development stage reached by seeds at harvest (Fig. 
2). The development and maturing of diaspores were 
accompanied by an increase in fresh weight (FW) 
and dry weight (DW) as well as by a decrease in seed 
moisture content (SMC). Seeds in phase G were char-
acterized by the lowest weight (0.35 g) and the highest 
moisture content (81%). In mature seeds (B), weight 
increased more than twofold (0.74 g), while moisture 
content dropped to approximately 15% (Fig. 1). Mois-
ture content is the key factor responsible for the life 
processes of plants and seeds (B a i l l y  and al. 2003; 
H e g a r t y , 1978). Significant diaspore dehydration at 
the final maturing stages supports and, in some cases, 
enforces dormancy (E g l i  and T e K r o n y , 1997; 
K o p c e w i c z  and L e w a k  2007). 

Seed germination
The storage of seeds under laboratory con-

ditions, in a dry environment at a high and constant 
temperature, did not support germination. In the au-
tumn, two months after harvest, the germination rate 
index of laboratory-stored seeds in phases GB and B 
was largely inhibited (at 3% and 4%, respectively), 
and these seeds were in a deeper state of dormancy 
than undeveloped seeds (G) which germinated at a rate 
of 67%. The germination parameters did not improve 
after 8 months of storage. Seeds in phases GB and B 
were still in dormancy, the dormancy of seeds in phase 
G was deepened and their germination rate fell to 42%. 
Storeroom conditions had a beneficial effect on SG and 
GRI, and seeds at all three development stages broke 
dormancy at a rate of 72-75%. Germination was poor 
after seeds had been removed from soil. The germina-
tion rate index of seeds at stages GB and B was 4-1%, 
only immature seeds (G) germinated at a rate of 27% 
(Fig. 3). 

The method and time of seed storage affect 
the depth of dormancy. The storage of Vicia hirsuta 
seeds in a dry laboratory environment at a temperature 
of around 20ºC did not support germination. Seeds in 
phases GB and B were in a state of deep dormancy 
after 2 and 8 months of storage. The germination 
rates were lower after 8 months than after 2 months. 
V a n  A s s c h e  et al. (2003) reported similar results 
in a study of Vicia hirsuta seeds. After two months of 
storage under laboratory conditions (at around 20ºC), 
the germination rates did not exceed 1.7% at any of 
the temperatures studied (30, 23, 10 and 20/10ºC). 
Low germination rates were also noted in respect of 
Vicia angustifolia seeds after 6 months of incubation 
at a constant temperature (15, 25º) (Y u r a  and H a y -
a k a w a , 2000). The above germination rates of seeds 
stored at a high and constant temperature are consist-

ent with the findings of G r z e s i u k  and K u l k a 
(1981). As noted by the above authors, warm and dry 
storage conditions deepen dormancy, and storage un-
der high temperatures favors the transformation from 
permeable to hard seeds (O w e n ,  1956). These find-
ings do not constitute a general rule, however, as the 
seeds of other Fabaceae species responded differently: 
for example, newly-harvested Vicia ervilla seeds pro-
duced higher germination rates at the immature stage 
than at other development stages (S a m a r a h  et al. 
2003). When stored for 20 days at 20ºC (air-dried), 
immature seeds did not germinate, while mature seeds 
germinated at a much higher rate. Air-dried seeds had 
a higher germination rate index than fresh seeds (S a -
m a r a h  et al. 2003). Vicia sativa seeds collected in 
phases BS and SF (undeveloped seeds) and stored at 
ambient conditions were characterized by low germi-
nation rates and deeper dormancy than seeds harvested 
in phases GY, Y and B (mature seeds). The reduction 
in germination of depodded dried immature seeds was 
mainly due to the presence of dead and dormant seeds 
(S a m a r a h , 2005). Storage time induced a softening 
effect, even though seeds of Scorpiurus subvillosus 
were stored under laboratory conditions (G r e s t a  et 
al. 2007) 

Storeroom conditions (5-8ºC) offered the most 
supporting environment for breaking the dormancy of 
V. hirsuta seeds. Seeds at all three maturity stages ger-
minated at a rate of 72-75%. This response was vali-
dated by B r o n i e w s k i  (1961) who argued that low 
temperatures, even below 0oC, stimulated dormancy 
break and the germination of seeds of wild-grown 
plants. It should be noted, however, that the contribu-
tion of low temperatures to dormancy break and the 
germination of tiny vetch seeds was not confirmed 
by other authors. In an experiment performed by 
V a n  A s s c h e  et al. (2003), hard Vicia hirsuta 
seeds chilled at 5oC for 8 weeks and tested at 23, 
10, 20/10, 15/6oC germinated at a rate of 0.3-1.2%. 
Seeds kept at low temperatures for 8 weeks and then 
exposed to a temperature of 20oC were unable to ger-
minate. The seeds of Vicia angustifolia, a winter an-
nual plant, yielded a very low germination rate index 
when, after storage at low temperatures (4, 15oC) for 
several months, they were transferred to 15oC and 
5/25o (Y u r a  and H a y a k a w a , 2000). Similar re-
sults to those noted in this study were noted with re-
spect to Vicia ervilla seeds (S a m a r a h  et al. 2003). 
When dry-prechilled at 5oC for 8 days, seeds at stages 
YP and BP (mature seeds) germinated at a higher rate 
than fresh seeds (83% and 99%, respectively), while 
immature seeds were characterized by similar ger-
mination rates as before prechilling, or only slightly 
higher. 
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Fig. 2. Seed moisture content (SMC), fresh weight (FW) and dry weight (DW) of Vicia hirsuta seeds harvested at three developmental 
stages (G, GB, B). Vertical bars represent SE

Fig. 3. Effect of seed storage on final germination percentages and germination rate index (GRI) of Vicia hirsuta seeds at three 
developmental stages (G, GB, B). Treatments: 
A – laboratory, 2 mo, test – autumn; B – laboratory, 8 mo, test – spring; C – storeroom,  8 mo, test – spring; D – buried in the 
soil, 8 mo, test – spring. Vertical bars represent  SE 
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The results of this experiment as well as pub-
lished data suggest that the dormancy of tiny vetch 
seeds is most probably broken not only by low temper-
atures, but also by an adequate moisture content and 
good aeration (B r o n i e w s k i , 1961; L i t y ń s k i , 
1982). Storeroom conditions met the above require-
ments. The ability of pre-chilling to release dormancy 
was probably due to various metabolisms that occur 
during these treatments, including an increase in the 
levels and responsiveness of endogenous gibberellins 
(H i l h o r s t  and K a r s s e n , 1992), and a substantial 
decrease in the ABA levels (B e w l e y  and B l a c k , 
1982).

According to K o r n a ś  (1972), the generative 
diaspores of Vicia hirsuta spread not only by autochory 
(ballochory and barochory), but also by anthropochory 
with the sowing of crop plants (speirochory). K o r n a ś 
(1972; 1987) classifies vetch as a facultative speiro-
choric weed which does not demonstrate specific mor-
phological and biological properties supporting this 
type of propagation. The results of this study indicate 
that tiny vetch can be classified as an obligatory spei-
rochoric weed. When stored in a storeroom, the seeds 
of the investigated species are marked by high germi-
nation capacity, implying that they are well adapted 
to spreading by speirochory in field ecosystems. 

The germination rate index of tiny vetch seeds 
removed from soil was low, at 4-1% at the GB stage, 
and 27% at the immature (G) stage. These findings are 
similar to the results noted by V a n  A s s c h e  et al. 
(2003). In their study, Vicia hirsuta seeds buried in the 
ground for 2 years were excavated at monthly intervals 
and subjected to germination tests. A seasonal germi-
nation pattern was not noted and the analyzed seeds 
germinated at a very low rate (<1%) in every month 
of the study. 

The most probable reason for inhibited germi-
nation of mature seeds is the induction of dormancy. 
Mature and less mature seeds (B, GB) show dormancy 
due to their hard impermeable seed coat that prevents 
water absorption and gaseous exchange, which induces 
deep dormancy according to many authors (B a s k i n 
and B a s k i n , 1998; E g l e y , 1995). The observed 
response of tiny vetch seeds at stages GB and B has 
been validated by C r i s t a u d o  et al. (2008), G r z e -
s i u k  and K u l k a  (1981) who noted that the dorman-
cy of legume seeds is induced as late as at the end of 
maturation, and the depth of dormancy is a function 
of maturity. According to other authors, seed hardness 
is observed in various Fabaceae species at different 
stages of development, but the same argument is used 
to explain the decrease in seed hardness. The results 
of other studies indicate that the germination rate in-
dex of Vigna radiata, Vicia sativa, Cicer arietinum 
and Glycine seeds increased with maturity, reaching 

the maximum value at the physiological maturity stage 
(H a m i d  et al. 1988; M i l e s  et al. 1988; S a m a r a h 
and A b u - Y a h y a , 2008) or at the stage directly pre-
ceding physiological maturity (S a m a r a h , 2005). 

CONCLUSIONS

1. The seeds of tiny vetch reach different stages of 
maturity before and upon crop harvest. Some seeds 
are deposited in the soil seed bank, while others 
find their way to the seed material which is stored 
until sowing in the spring. Harvest time determines 
the rate of actual productivity of tiny vetch seeds, 
which is higher for vetch plants infesting winter 
crops than spring crops. 

2. Tiny vetch seeds at different maturity stages (G, 
GB, B) were stored under various conditions. In 
each group of the investigated seeds, the highest 
germination rate index was reported for immature 
seeds (G). Seeds at maturity stages GB and B were 
dormant seeds with germination rates of several 
percent. Their dormancy was not broken after long-
term storage under laboratory conditions or strati-
fication in the soil in the winter season. Storage in 
a cool and dry storeroom environment was most 
conducive to breaking the dormancy of seeds at all 
development stages.

3. The wild-growing, segetal tiny vetch maintains 
a constant seed bank population in soil. The part 
of the population found in seed material (stored in 
a storeroom) successfully germinates in the agro-
cenosis when sown together with crop plants. The 
ease with which tiny vetch seeds germinate after 
storage in a storeroom implies that they are well 
adapted to spreading by speirochory in field eco-
systems. In view of its biological adaptation for 
agricultural treatment and post-harvest conditions, 
tiny vetch may be classified as an obligatory spei-
rochoric species.
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Wybrane aspekty ekologii nasion 
wyki drobnokwiatowej [Vicia hirsuta (L.) 

Gray F.S.]: reprodukcja generatywna 
oraz wpływ stopnia dojrzałości i warunków 

przechowywania na kiełkowanie nasion

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

Vicia hirsuta (L.) Gray S.F. (wyka drobnokwia-
towa) jest pospolitym i uciążliwym chwastem segetal-
nym. W okresie zbioru rośliny uprawnej strąki i nasiona 

wyki uzyskują różny poziom dojrzałości. Część nasion, 
która dojrzewa przed sprzętem zbóż, podczas zbioru 
osypuje się na polu i wchodzi do glebowego banku na-
sion, pozostałe dostają się do materiału siewnego.

Celem badań było prześledzenie losów nasion 
wyki drobnokwiatowej: określenie poziomu reproduk-
cji osobniczej wyki rosnącej w zbożach ozimych i ja-
rych oraz ocena kiełkowania nasion o różnym stopniu 
dojrzałości w zależności od warunków ich przechowy-
wania.

Strąki i nasiona V. hirsuta posegregowano we-
dług osiągniętych w momencie zbioru faz rozwojo-
wych, następnie podzielono je na dwie partie. Pierwszą 
z nich przechowano przez dwa miesiące w warunkach 
laboratoryjnych, jesienią tego samego roku nasiona 
poddano testom kiełkowania. Pozostałe przechowano 
do wiosny w laboratorium, w warunkach magazyno-
wych oraz zakopane w glebie. Po 8 miesiącach oce-
niono kiełkowanie. 

Potencjalny wysiłek reprodukcyjny (wykształ-
cone strąki, kwiaty i zawiązki owoców) był wyższy 
u roślin owocujących w pszenicy ozimej niż w jęczmie-
niu jarym. Rośliny wyki w pszenicy ozimej wytwarzały 
o ok. 17-26% więcej strąków (w tym: pękniętych, doj-
rzałych, zielono brązowych i zielonych) niż w jęczmie-
niu jarym, jedynie zawiązków było o ok. 25% mniej.

Najwyższą zdolnością kiełkowania charakte-
ryzowały się nasiona niedojrzałe. Nasiona dojrzałe, 
po przechowywaniu w warunkach laboratoryjnych 
i po stratyfikacji w glebie kiełkowały na poziomie kil-
ku procent. Po przechowaniu w warunkach magazyno-
wych nasiona wszystkich faz przełamywały spoczynek 
na poziomie 72-75%. 

Łatwość, z jaką nasiona wyki drobnokwiatowej 
kiełkowały po przechowaniu w magazynie wskazuje, 
że można ją zaliczyć do speirochorów obligatoryjnych.


