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SURVEY OF SEED PROPAGATION OF OPUNTIA HUMIFUSA
(RAFINESQUE) RAFINESQUE (CACTACEAE) EX SITU

ALEXANDER TASHEV*, ZLATKA KABATLIYSKA
University of Forestry, 1756 Sofia

Abstract: Opuntia humifusa (Rafinesque) Rafinesque belongs to the anthropophyte flora of Bulgaria. The
germination properties of O. humifusa Rafinesque were tested ex situ on fresh and stored seeds with two
different soil substrates: 1) taken directly from the location (A) and 2) mixture of compost, sand and grav-
el in 1:1:1 ratio (B, C, D). The experiments were carried out in 2002 and 2007. Germination registered in
2007 of fresh and stored seeds exceeded several times that recorded in 2002. The stratification of seeds
from crops 2002 and 2007, as well the extremely high temperatures during 2007 (above 30°) most proba-
bly favoured not only the high germination rate but also the rapid germination of the seeds (12 days ver-
sus 23 days in 2002 tests). The germination rate of refrigerated seeds exceeded between the rates record-
ed for the same fresh seeds 5 and 19 times. The results indicate that storage at low positive temperatures
encourages the germinating process. Seedlings growth is slow, but steady and the seedlings are well bal-

anced. The first pad of the seedlings occurs 30 days after germination and three months after sowing their
average height is 2,7 cm (max 3,2; min 0,5 cm).

Key words: Opuntia humifusa, propagation ex situ, seed properties

A. TALUEB, 3/1. KABAT/IMACKA, JlecomexHuyecku yHuBepcumem, 1756 Cogusn. [TIPOYYBAHE

BbPXY CEMEHHOTO PASMHO>XABAHE EX SITU INMPU OPUNTIA HUMIFUSA (RAFINESQUE)
RAFINESQUE (CACTACEAE)

Pestome: Opuntia humifusa (Rafinesque) Rafinesque e Bug om anmponogumHama ¢aopa Ha Bbazapus.
HanpaBe+o e npoyuBare ex situ Ha noceBHume kayecmBa Ha cBexo cbBpaHu U CbXpaHeHu cemeHa Ha O.
humifusa Rafinesque npu gBa pasauuHu noyBeHu ceb6cmpama: 1) 63em gupexkmHo om MecmoHaxogule-
mo (A) u 2) cmec om KoMnocm, nAckk U gpebeH kepam3um B cbomHoweHue 1:1:1 (B, C, D). Onumume
ca usBegeHu npe3 2002 u 2007 2. KvAHsemocmma, ycmaxoBeHa npe3 2007 2. Ha cBexu U cbXpaHeHu ce-
meHa npeBuwaba HekoAkokpamHo ma3su, ycmaHoBeHa npes 2002 2. Cmpamugukauusma Ha cemMeHama
om pekoamu 2002 u 2007 2., kakmo u excmpemHo Bucokume memnepamypu npe3 2007 2. (Hag 30° C) ca
BeposmHa npuyuHa He camo 3a BUCOKUA NpoueHm Ha KbAHSeMOCm, HO CbWO maka u 3a 6bp3omo
nokbABaHe (12 gHu cpewly 23 gHu 8 mecmoBeme npe3 2002 2.). [poueHmbm Ha KbAHAEMOCM Ha CbXpa-
HeHume B xaaguaHuk cemeHa npeBuwaba mo3u, pesucmpupaH npu cBexu cemeHa Mexgy 5 u 19 nemu.
Pesyamamume noka3Bam, 4e cbxpaHeHue npu HUCKU NOAOXUMEAHU memnepamypu yckopsba KuaHae-
mocmma. Pacmexwem Ha cemeHauemama e 6abeH, HO cmabuAeH Kamo MAagume pacmeHus ca goépe
pasBumu. MepBusm cmbbaeH ceamenm ce noababBa 30 gHU cAeg nokbABaKHe U mpu Meceua cAeg 3acaBa-
He cpegHama My BucovyuHa e 2,7 cm (max 3,2; min 0,5 cm).

KarouoBu gymu: Opuntia humifusa,

A lot of the Opuntia Mill. (Cactaceae) representa-

tives, including more than 200 species originating
from North and South America had been conveyed
and are still conveying in different parts of the world,
characterized by warm and temperate climate. They
are appreciated as ornamentals and regarded for
restoration of disturbed sites. Some Opuntia species

*E-mail: atashev@mail.bg
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resistant to moderately low temperatures are planted
outdoors in parks and gardens, usually as ornamen-
tals. Almost everywhere, where the climate favours
their growth, they enlarge the clumps by layering or
seed propagation (Jordanov, 1970). in this way they

become part of the anthropophytic flora of a certain
area.



The following species have been introduced in
Bulgaria as ornamentals: Opuntia tortispina Engelm.,
O. ficus-indica (L.) Mill., O. vulgaris Mill.. O. procum-
bens Engelm. and O. compressa (Salisb.) Macbr
These species are cultivated along the Black Sea
coast. Opuntia tortispina and O. Compressa escaped
from cultivation and grow on the Zmiyski ostrov (The
Snake Island), and the other species are cultivated in
the Botanical Garden - Balchik (0. ficus-indica, O. vul-
garns, O. procumbens). Some species were planted in
the parks Krichim and Euxinograd (Jordanov, 1970)

According to Delipaviov et al. (2003) O. compressa
is wild grown in localities near Chirpan, Plovdiv,
Harmanly and Jambol - on rigid sand hills and rocks.
Assyov et al. (2006) listed the following species as
naturalized and belonging to the adventive flora of
Bulgaria: O. tortispina (South Black Sea coast) and O.
wulgaris (Black Sea coast, Tundja Hill plane and
South Strouma Valley). There are no surveys on the
communities of Opuntia species in the Bulgarian
botanical literature.

O. humifusa is native to North-eastern Great Plains
of North America. It is characterized by a good winter
hardiness and grows reaches southern Ontario
(Canada) northward. It is naturalized elsewhere in
north America, South and Central Europe (Austria,
Bulgaria Corsica, Croatia, Greece, Herzegovina, Italy,
Serbia), Argentina; China; Ethiopia; Haiti; Mauritius:
South Africa; It is considered noxious in Australia and
Tasmania. It occurs commonly in rocky open glades,
dry rocky or sandy grasslands, sandy and gravely
washes of valleys along streams and sand dunes.

The natural propagation of the species is mainly
by seeds, although somethimes the vegetative prop-
agation dominates. In moderate climate Opuntia
humifusa plants are flowering from May to July. The
fruits ripe 2-3 month after inflorescence and remain
on the plants till next year. The individuals of Opuntia
are obligate heliophytes and at shady sites are
replaced by other species (Benson et al., 1982). In
milder climate (in Florida) the plants are flowering
throughout all the year (Wunderlin and Richard, 1998).

At extreme conditions plants of Opuntia humifusa
survive by offsprings from the stem base and from
rooted pads, when pressed closely to the ground.
The prickly pear colonize post-fire areas by outer
sources of seeds (cached seeds by small mammals)
or inner source - by seeds, survived the fire (Bunting
& al. 1980, Thomas 1991).

Opuntia has the biggest seeds among the
Cactaceae family. They reach 3-5 mm and keep ger-
mination capacity within 1 to 7-9 years. The seeds of
the species of interes are disc-like with hard, regular
edges, flattened, rounded, about 4.5 mm in diameter
(Benson, 1982). In natural conditions they are spread
by birds and a variety of rodents including rabbits,
wood rats, prairie dogs, mice and ground squirrels.
(Timmons, 1942; Cohn et al., 1982). The germination
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rate was reported to be low (Cook, 1842). In laborato-
ry tests, it was found that eastern prickly-pear seeds
collected from rabbit scats had higher germination
rate than seeds collected from unconsumed fruits.
(Birkhead et al., 2005; Cohn et al., 1982; Loucks et al.,
1985).

Seeds collected from the scats required an aver-
age germination time of 41 days and had germination
rate of 25%. Seeds collected from non-consumed
fruits required 71 days and germinated at a rate of
18%. (Cook, 1942). The germination problem is not
due to the seed cover hardiness as it was consid-
ered, although pre-sowing treatment improves the
seed germination (Orozco-Segovia et al., 2007).
Important factors for germination are high humidity
and high temperatures (Racine et al., 1974, Orozco-
Segovia et al., 2007). Udalova et al. (1977) outlined
that the optimum temperature for germination is
between 27-35° C and the following soil mixtures are
recommended: mould-sand-charcoal in 1:0.5:0.5 ratio
and mould, turf, sand and crunched bricks in 1:1:2:1
ratio. Seeds are best sown outdoors immediately
after collection without discarding the pulp. Pre-sow-
ing treatment includes only air-drying for a few hours,
and storage in sealed, refrigerated containers
{(Anthony, 1954).

It was found that during the process of cultivation
of Opuntia the seedlings growth is slow but at the
same time it is the fastest among the cacti (Gordon
1978). The seedlings reveal good resistance to
drought and the hazard factor for surviving in situ is
supposed to be the rodents, but not low humidity.
(Racine & al. 1974, Nieddu et al 1997). Seed propaga-
tion in nature is complicated and depends on the
population of rodents, that chase the seeds (Vila et
al., 1999). Some observations showed that Opuntia
humifusa individuals are supposed to be spread wide-
ly by intensive grazing (Loucks et al., 1985).

No studies of propagation of Opuntia by seeds of
local source were found in the Bulgarian botanical lit-
erature. Therefore, the aim of the present study was
to test seed germination of Opuntia humifusa ex situ
and the potential of propagation by seeds collected
in the surveyed localities.

MATERIAL AND METHODS

Seeds were collected on 4 and 17 May 2002 and
29 of April 2007 from locality of Harmanly region
(Tasheyv, in press). They were sown immediately after
gathering. In order to repeat the experiment, part of
2002 seed crop was stored for 5 years in refrigerator
at 0-5° C.

The experiment was conducted in greenhouse in
the following variants of soil mixture and seed type
(fresh and stored seeds):

e Variant A: 5 x 50 6p. Yield 2002. Sowing
29.05.2002. Genuine soil from the natural habitat in
Harmanly



Xapaxmepna myga #a O. humifusa ¢ naogobe
A typical cluster of Q. humifusa with fruits

\;.‘E‘ 2 "'

WMHguBug Ha Opuntia humifusa ¢ nAog Obuw u3zaeg Ha vyacm om Haxoguwemo ¢ gbe mydu
Opuntia humifusa specimen with fruit Common view of the locality with two clusters of O. humifusa

Haxoguwe wa Opuntia humifusa, 16.04.2003 2. TpaxuUcka HU3UHa, OKOAHOCMU Ha 2pag Xapmariau, mecmHoem ,[lpuxassume”
Locality of Opuntia humifusa, 16.04.2003 Tracian lowlands, the suburbs of Harmanly, near the site ‘Prikazkite’
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e Variant B: 5 x 50 6p. Yield 2002. Sowing
29.05.2002. Soil mixture: sand, disinfected with
KMnO, aggregates < 0.5 mm; crunched bricks,
aggregates < 1 cm and compost in 1:1:1 ratio.

e Variant C: 1 x 50 6p. Yield 2002. Sowing
21.04.2007. Soil mixture same to variant B

e Variant D: 4 x 50 6p. Yield 2007. Sowing
21.04.2007. Soil mixture same to variant B

The air-dried seeds were sown at 6 mm depth (1.5
x the seed diameter) in flat vessels with
diameter/height 13/4 cm. The air humidity varied
between 55 and 80%. The plants were watered once
per week with 200 mi water per vessel.

The values of air-temperatures during the experi-
ment of both years were measured with max/min
thermometer and varied as follows: in 2002: 18-39° C
and 2007 - 13-38° C with record of unspecific high
May temperatures.

RESULTS AND DISCUSSION

The results obtained for the germination proper-
ties ex situ are shown in table 1 and on fig. 1

Tabauya 1/Table 1

Soil germination of fresh seeds of Opuntia humifusa — crop 2002

The absolute mass of seeds recorded was
between 26 and 29 g for 1000 seeds. The seed num-
ber per fruit varied between 9 and 31 (average 20.2
seeds/per fruits). ' . .

It is obvious that germination rate registered in
2007 of fresh and stored seeds exceeded several
times that recorded in 2002. The variants can be clas-
sified as follows in ascending order: B, A, Dand C. A
certain explanation of that fact is thg pre-treatment of
seeds applied, as the extremely high tempgratures
during 2007 testing period (above. 30° C in May)
favoured not only the high germination rate but also
the rapid germination of the seeds (12 days versus 23
days in 2002 tests). .

A definite result was obtained in Variant C (stored
seeds), with germinated seeds exceeding between 5
and 19 times the rate, recorded for the same fresh
seeds. The observed period of germination is the
shortest for the whole experiment: 23 days. The reg-
istered slow growth rate of seedlings coincides with
the results, reported in the literature (Vila et al. 1999).
Measurements during 2007 test showed that the first

MoyseHa KbNHAEMOCT Ha CBEXO CHBPaHN CemeHa oT Opuntia humifusa — pexonta 2002

Date of sowing Variant A (number of germinated seeds/ percentage)
Hara Ha 3acasare BapuaHT A (6poit NOKbIHANKM CeMeHa/NPOLIeHT)
29.05.2002 [ I [T v v
20.06.2002 1 _ _ _ £
02.07.2002 6 2 4 3 2
11.07.2002 6/12% 7/14% 11/22% 8/16% 8/16%
Variant B (number of germinated seeds/ percentage)/BapuaHT B (6pow nokbnHanm cemMeHa/npoueHT)
29.05.2002 | Il i} v v
20.06.2002 1 = = = =
02.07.2002 2 1 - 1 2
11.07.2002 4/8% 2/4% - 3/6% 5/10%
—e— Seeds 2002
—i—1
i
O e - —¥— IV
80 - ¥
o ,/"'?; —===#==
gg / P -
40 7 i
30 %
20 — ; > M
10 2 =
0 — T T T T
02.05. 09.05. 16.05. 23.05. 30.05. 06.06. 13.06. 20.06.
2007 2007 2007 2007 2007 2007 2007 2007
Dates/[laTn

Fig. 1. Germination of seeds of Opuntia humifusa (Harmanly locality)
Que.1. Moxkwabare Ha cemera om Opuntia humifusa (Haxoguwe Xapmarnu)
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pad of the seedlings occurred between the first and
second month after germination, and three months
after sowing their average height was 2.7 cm (max
3.2/min 0.5 cm). The seedlings demonstrated high
drought tolerance.

CONCLUSIONS

Opuntia humifusa seeds gathered from Harmanly
locality are fertile, and the germination of the fresh
seeds is at least 5 times lower than the germination,
recorded after refrigerating for 5 years. The germina-
tion rate in soil from the locality is between 12 and 22
% higher than in the artificial substrate. This confirms
that the propagation of the species in the locality by
seeds is possible.

The germination of stratified seeds (for 5 years)
exceeds between 5 and 19 times the germination of
the fresh-gathered seeds.

The cultivated seedlings demonstrate high toler-
ance to drought, but slow growth. The drought resist-
ance encourages in situ cultivation but with good pro-
tection of the juvenile plants from animals and tram-
pling down.

Stratification of seed is recommended in seed
propagation of Opuntia, even when fresh seeds are
available, because it simulates the natural winter con-
ditions.

The results of seed germination tests of Opuntia
humifusa ex situ confirm the hypothesis that the
species in natural conditions in the localities is prop-
agated by seeds.
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