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Abstract :In order to detem ine the optmum seed pre-sow ing treatments and patterns of gem ination, a
greenhouse experiment w as conducted to study the effects of abrasion, sulphuric acid, boiling w ater, cold
stratification and seed exudate treatments on the gemination of ten Calligonum ecies The results
show ed that the regponse of seed gem ination to the different pretreatmentswas similar for all ten Cal-
ligonum gecies T he abrasion, sulphuric acid and cold stratification treatments significantly promoted over-
all gem inability. Compared w ith the control, the exudate treatment significantly decreased the percent ger-
m ination, hanpered the rate of gem ination and bolstered domancy for aimost all pecies The cold stratifi-
cation treatment can break the domancy of viable Calligonum seeds and increased the gem ination, but it
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has a little lethal effect on viable seeds probably aswell as the boiling w ater treatments T he gem inaton

patternsperformed significant difference betw een the pre-sow ing treatments for all ten Calligonum ecies,

and the geed and percent gem ination of the Calligonum gecies can be greatly increased by mechanical

scarification or sulphuric acid treatments T he results show ed that seedsof C. junceum have strong ability

of gem inating

Key words Calligonum ;seed pretreatments ;seed gemn ination ;seed dom ancy

Calligonum gecies are dominant perennial
shrubs in active sand dunes and stabilized sand
field in the northern desert of China'*'?. They can
exist inmobile sand dunes in conditionsof extreane
drought™®. They have a reputation to high toler-
ance tow ater deficit They gppear to be suitable for
revegetating of desert™**°. They have great po-
tential to provide different products and services
such as forage, traditional medicine, halting desert
encroachment and stabilizing sand dune'®®. A's
their great mportance in providing many uses and
services, they have attracted some attention How -
ever, there has been little experimental research
dealing w ith the seed gem ination and seedling e-
mergence of them'®. The available information
about these gecies is their botany, cultivated
method, taxonomy, genetic diversity, brief descrip-
tions of their habitat condition and the range of
their geographical distribution™ .

One of the problan s related to the neglect of
these is the difficulty of raising seedling from
seeds The seeds have a hard mpemeable seed
coat w hich prevents seeds from mbibing of w ater
. Therefore, the seed treat-

ments before sow ing are required to obtain rapid,

and gem ination'*®®

unifom and high gem ination® ™. The purpose of
the present study was to investigate the gem ina-
tion reponses and geed of ten Calligonum secies
to different pre-sow ing treatments, as an under-
standing of these factors is crucial for the success
ful regeneration and recruitment of these long-lived

desert plant Pecies

1 M aterials and methods

1 1 Seed collection and preparation

Seeds of ten Calligonum species (C. junceum ;
C. leucocladum , C. rubicundum ,C. densum,C. mon-
golicum, C. chinense, C. caputmedusae, C. ar-
borescens, C. alaschanicum and C. potaninii) were
collected from at least 10 plantsper gecies in A u-
gust and Septamber, 1998 at Shapotou Desert Re-
search and Experimental Station of Chinese A cade-
my of Sciences (37°32' N,105°02' E,1339m a s
L ),N ingxiaprovince,;China Seedsw ere allow ed to
air-dry and stored at room temperature (23
26 ) untilM ay 1999,w hen experimental pretreat-
mentswere initiated (storage in this manner did
not affect the domancy or viability of the seeds).
For each gecies, seedswere mixed and then allo-
cated at random. The aborted and predated seeds
were discarded Intact plump seeds were surface
sterilized w ith N a-hypochlorite prior to any experi-
mental usage Seed viability is variable, but is gen-
erally between 30% 50% .

1 2 Presowing seed treatment exper ments
1 21 Abrasion of seed coat

scarification treatment w as carried out by grinding

T he mechanical

seeds in amortar w ith a pinch of clean silica sand
until all setaof seed coatw as ranoved and the seed
coat w as broken

122 Since seeds

from the ten gecies apparently were different in

Sulphuric acid mmer sion

the size (Table 1) and the degree of hardness of
their seed coats (based on visual ingection), but
they received same sulphuric acid treatments Seeds

were mmersed in 96% sulphuric acid for 30 min,
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and then rinsed thoroughly in running water for

45min

Table 1 Date of seed collection,as well as seed size and dry mass of ten Calligonum species Seed size and

seed dry massaremeans (+ sd) of ten randamly selected seeds fram each species (T ao, 2000)

s oateof s ewnorm Dignetof s S
(mm) (mm) (mg)

C. junceum 24-Aug -98 11 07(+ Q 76) 9 24(+ Q 99) Q 08(+ Q 01)
C. leucocladum 13-Aug -98 12 53(+ Q 97) 9 95(+ 1 81) Q 07(+ Q 01)
C. rubicundum 3-Sep. -98 16 70(+ 1 62) 14 17(+ 1 43) Q 16(+ Q 02)
C. densum 3-Sep. -98 16 09(* 2 05) 14 77(+ 1 83) Q 10(+ Q 01)
C. mongolicum 24-Aug -98 13 32(+ 1 35) 9 32(+ 1 48) Q 10(+ Q 02)
C. chinense 29-Aug -98 13 11(+ Q 90) 11 85(+ 1 12) Q 12(+ Q 01)
C. caputmedusae 10-Aug -98 21 66(+ 2 31) 18 18(+ 3 05) Q 15(+ Q 01)
C. arborescens 10-Aug -98 20 32(+ 4 42) 16 34(+ 4 01) Q 15(+ Q 03)
C. alaschanicum 1-Sep. -98 19 78(* 2 44) 16 27(+ 2 17) Q 11(+ Q 02)
C. potaninii 1-Sep. -98 14 73(+ 1 93) 12 23(+ 2 12) Q 11(+ Q 01)

1 2 3 Hot water treatment

Each replicate of

systanatic effects due to position w ithin the chan-

seedsw as enclosed in a coffee filter bag w hich w as
then folded and fastened with paper clips to pre-
vent seed loss The seedswere then mmersed in
boiling water for 10 min A fter mmersion, they
were ranoved from the boiling water and left to
cool on a table for about 5min
1 2 4 Cold stratification Seedsw ere aked in
distilled w ater for 2 d,w rapped in paper bags, and
then stored in plastic bags in a refrigerator (3 ),
for 25d During the period of mbibition,w ater w as
replaced tw ice a day.
1 2 5 Exudate treatment During preliminary
studies it had been noted that a yellow ,w ater-lu-
blematerial w as exuded from saking seeds, it may
be contained w ater oluble inhibitors from the seed
coat'®. To examine the possible effect of this exu-
date on seed gem ination,a group of seedsw as ex-
posed to the exudate olution during the gem ina-
tion period; instead of clean distilled w ater.
1 3 Germination exper ments

The gem ination experimentsw ere conducted
during M ay-June 1999 Controlled seeds and seeds
that had undergone the pretreatments described
abovew ere placed onw et filter paper in glasspetri
dishes (11 5 an diameter X 2 an depth). These
were then placed into the temperature-controlled
chambers for gemination, set at 14 h of daylight at
25 and 10 h of darkness at 12 ,to gpproximate
general gringtime field conditions To ensure no

ber,petri dishesw ere re-arranged at random every
2d All preesowing seed treatments consisted of
five replicates of 40 seeds for each gecies V isible
radicle growth was used to define gem ination
Gem ination w as recorded every 5 d and allow ed to
proceed for 9w eek s exceptw here pecified U nger-
minated seedsw ere vaked inw ater at 30 for 24
h Seed coatsw ere cut and the enbryo w as aked
in 1% tetrazolium chloride for 24 h at 30 . Pink
enbryosw ere scored as alive Gem ination w as ex-
pressed as percentage of viable seeds gem inated
1 4 Data analysis

The results of the gemination experiments
w ere analyzed for statistical significance (ANOVA )
w ith the STA T IST ICA <ftw are package for per-
onal computer™. A1l percent gemination data
w ere arcsine-sguare-root transformed prior to anal-
ysis M eans and standard deviationsw ere used in
presentation of tables and graphs M ultiple com-
parisons of meansw ere made w ith Duncan'’s tests
at 95%. The following paraneters were deter-
mined!**!.
Geminability (%) = (number of geminating
seeds/number of seeds initiated)x 100
Relative gem inability (%)= (number of gemi-
nating seeds/number of viable seeds initiated) x
100
Domancy (% )= (number of ungem inated but vi-
able seeds/number of seeds initiated)* 100
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Relative domancy (%)= (number of ungem inat-
ed but viable seeds/number of viable seeds
initiated) x 100

M ortality (%)= (number of inviable seeds/num-
ber of seeds initiated)* 100

Index of gem ination rate :IGS= z G/t

w here G is the relative gem inability percent-
age,at 5d intervals,and t is total gem ination peri-
od Thisparameter characterizes the pace of gem i-
nation for particular seed replicates

2 Results

2 1 Seed quality of germ ination ecology

Table 2 sunmmarizes mean values for ger-
m inability, relative gemn inability, dormancy, rela-
tive domancy ,mortality and IGS,prior to any pre-
treatment The gem inability and
m inability both were significantly different anong
ten gecies (oneway ANOVA Foun= 14 94,P<
Q 000 1 for the former sFs.20= 10 52,P< Q 000 1

relative ger-

for the latter). C. junceum had the highest level of
gem inability and relative gem inability (47% and
69 3% ). C. leucocladum and C. mongolicum had
significant low er level of gem inability and relative
gem inability (11 5% and 28 8% for the fomer,
14 5% and 31 3% for the latter) than other
gecies Inversely, C. leucocladum and C. mon-
golicum had significant higher level of relative dor-
mancy (71 2% and 68 7% ). The oneway ANO-
VA showed that the percentage of dormant seeds
was not affected by ecies significantly (Fe«w=
2 12, P= Q 53). Therewas significant difference
anong ecies in seed mortality and IGS (one-w ay
ANOVA :Fow= 7 70,P< Q 000 1 for mortality ;
Fo«.= 6 87,P< Q 000 1 for IGS). C. leucocladum ;
C. mongolicum and C. alaschanicum had significant-
ly higher level of mortality (61%, 55 5% and
54 5% ). The IGSwere lower for C. leucocladum

(4 2) and C. mongolicum (4 5 iTable 2).

Table 2 Overall seed germ ination qualitiesfor ten species of Calligonum following storage for 8 monthsat

roam temperature D ifferent super script letter s indicated sign if icant difference between the values of

pair s of species in the same column (Duncan’'smultiple comparion test,P< Q 05)

Relative

Relative

goes  CWHY emebly  CWEY wmeo NI e
(%) (%)
C. junceum 470t 7 4a 69 3+ 134a 215t102a 307t134a 315+ 6 8a 98t24a
C. leucocladum 11 5t 52b 288+t81b 275t 7 7a 712+ 81b 61 0+ 11 0 b 4 2+ 1 5hd
C. rubicundum 375t 77ac 589+t147a 270t110a 411+147a 355t 69a 7 6+ 2 7 abc
C. densum 425t31ac 641:96a 245t 87a 359+ 96a 330t65a 86+15a
C mongolicum 14 5+ 8 2b 313t 87b 300+£103a 687+t87b 55 5+ 16 6 b 45+ Q8cd
C. chinense 355+t 4 1ac 613t 62a 225+ 4 7a 387t62a 42 0+ 5 1ab 7.6x10ac
C. caputmedusae 34 0+ 8 4ac 52 2+ 12 9a 315t 99a 47. 8+ 12 9a 3459 7a 64+ 19ab
C. arborescens 29 5+ 4 5ac 58 5+ 2 9a 21 0+ 3 8a 41 5+ 2 9a 49 5+ 7. 8 ab 7.0+ 1 0abc
C. alaschanicum 26 0+ 8 2¢ 58 2+ 12 6a 19 5+ 8 9a 41 8+ 12 6a 54 5+ 13 9b 7 4+ 2 3a
C._potaninii 30t 45ac 642+ 71a 190t42a 3587 1a 47 0+ 4 5ab 8 0+ 1 5ac
2 2 Effect of pretreatmentson germ ination speed versely, the ocold stratification and exudate treat-

A fter 5 days of wetting,amost all ecies be-
gan to gem inate at all pretreatments and the con-
trol Their relative gem inability exceeded 10% at
the abrasion, sulphuric acid and boiling w ater
treatments, but decreased 10% at the cold stratifi-
cation, exudate and the control For all gecies, the
abrasion and sulphuric acid treatments tended to

quicken the course of gemination somew hat, in-

ments slow ed the gem ination Egecially, the exu-
date treatment greatly inhibited the course of ger-
mination even the final relative gem inability for
C. leucocladum, C. densum, C. mongolicum, C. ca-
putmedusae, C. arborescens, C. alaschanicum and
C. potaninii. In theperiod of 10 days to 20 days,C.
rubicundum, C. densum, C. chinense, C. caput-
medusae; C. arborescens, C. alaschanicum and C.
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potaninii all showed the faster gemination geed at all pretreatments and the control (Fig 1).

«O Abrasion ~4. Boiling water & Control
~& Sulphuric acid = Cold stratification =& Exudate

90 [

. C. arborescens
go b C. capur-medusac

Relative germinability (%)

- g

.
C. leucocladum

Relative germinability(%)

Relative germinability (%)

Relative germinability(%)

Relative germinability(%)

20d 25d 15d 20d 30d

Days of germination Days of germination

Fig 1 Comparison of gemination period for ten Calligonum seeds anong different pretreatments
2 3 Effect of pretreatmentson germ ination ly different between pretreatments in all ecies
Thefinal relative gem inabilityw as significant- ~ (onewayANOVA Fs.2= 5 03,P= Q 003 8 for C.
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junceum ;Fs22= 24 50, P< Q 000 1 for C. leuco-
cladum ;Fs24= 6 85,P = Q 000 7 for C. rubicun-
dum Fs24= 12 76,P< Q 000 1 for C. densum iFs,24
32 22,P< Q 000 1 for C. mongolicum ;Fs,24=

3 32,P=0Q 024 O for C. chinense F5.22= 38 36,P<
Q 000 1 for C. caputmedusae ;Fs2= 26 58, P <
Q 000 1 for C. arborescens;Fs2 = 1Q 69, P <
Q 000 1 for C. alaschanicum ;Fs22= 12 68, P <

100

Q 000 1 for C. potaninii). Seeds from all gecies
showed an increase in relative gem inability after
sulphuric acid and boiling water treatments than
the control and other treatments T he relative ger-
m inability was significantly decreased by exudate
treatment for C. leucocladum, C. densum, C. mon-
golicum , C. caputmedusae, C. arborescens, C. alas-
chanicum (Fig 2).
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C densum C.mongolicum

C chinense C caput-medusac C arborescens C alaschunicum C potanini

Fig 2 Seed relative gemination percent of 10 Calligonun secies after five seed pretreatment
and one control V aluesw ith the same superscript letters are not significantly different at
P< Q 05 acoording to Duncan'smultiple comparisn test

The index of gem ination rate of seeds (IGS)
w as significantly different betw een pretreatments
in all ten gecies (oneway ANOVA Fs2= 5 61,
P=0Q 002 2 for C. junceum ;Fs22= 39 56, P <
Q 0001 for C. leucocladum ;Fs24a= 8 07, P
Q 000 3 for C. rubicundum ;Fs2 = 22 49, P <
Q 000 1 for C. densum Fs.24= 59 6,P< Q 000 1 for

Pretreatment
[JAbrasionE Sulphuric acid Boiling water

Index of germination rate(1GS)
N G

IR R

I

C. mongolicum Fs22= 8 8, P= Q 000 2 for C. chi-
nense ;Fs22= 44 4, P < Q 000 1 for C. caput-
medusae ;Fs2a= 57 73, P< Q 000 1 for C. ar-
borescens Fs.2a= 14 88,P< Q 000 1 for C. alaschan-
icum ;Fs24= 21 26,P < Q 000 1 for C. potaninii)
(Fig 3).

] Cold stratification B Control i Exudate

T

AT s

Ty

i

Crunceum C leucocladum C.densum

C rubtcundum

Fig 3

C mongolicum

C.chinense C caput-medusae C arborescens C alaschanicum C potamnii

Index of gemination rate of seed (IGS) for 10 Calligonum ecies after five seed pretreatment and one control

V aluesw ith the same superscript letters are not significantly different at

P< Q 05 according to Duncan’

smultiple comparion test
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For all species, the higher IGS occurred at
abrasion, sulphuric acid and boiling treatments
Compared w ith the control, the cold stratification
and exudate treatments significantly decreased the
IGS in C

borescens and C. potaninii, the abrasion, sulphuric

leucocladum , C. mongolicum, C. ar-

acid and boiling w ater treatments significantly in-
creased the IGS in C

golicum. At the control and all pretreatments, C.

leucocladum and C. mon-

junceum performed highest level of IGS,and C. leu-

cocladum perfomed low est IGS (Fig 3).

3 Discussion

The hard seed coat of many desert plant
gecies has evolved to w ithstand successfully un-
favourable conditions as heat caused by sunlight,
strong teeth of digersing animals, severe drought

(1 21 Therefore,

and mechanical damage severe
treatments are required to make the seed coat per-
meable to water. Several pre-owing treatments
have been used to overcome hard seed coat impo sed

domancy'® *!

. The objective of all these treat-
ments is to make the seed coat pemeable to w ater
by acting on ecific weak gots of the hard seed
coat Of the various pre-sow ing treatments, cold
stratification,m echanical, acid and hot w ater scari-
fication treatments arew idely used since they pro-
vide good performance on gem ination w ithin a rel-
atively short period of time

In the present study, the gem ination reponse
of seedsto the different pretreatmentswasmoreor
less smilar for all ten Calligonum gecies Seeds
from all gecies show ed an increase in relative ger-
minability after sulphuric acid and boiling w ater
treatments than the control and other treatments
T he exudate treatment had different effectson dor-
mancy from different gpecies Compared w ith the
control, the exudate treatment significantly ham-
pered the percent gem ination, gpeed of gemina-

tion,overall rate of gem ination and bolstered dor-

mancy for aimost all gecies (Fig 1,2,3). It can be
defined that therew as the inhibiting material in the
yellow water-oluble exudate of
$eds[6,27,29]

overall gem ination of all ecies The cold stratifi-

Calligonum
The abrasion treatment promoted
cation treatment can break the dormancy of viable
Calligonum seeds and increased the gem ination,
but it has a little lethal effect on viable seedsprob-
ably. A ccording to our observation during gem ina-
tion experments,many seeds treated w ith boiling
w ater rotted and succumbed to mould attacked, in-
dicating that they are very sensitive and lethal to
the seeds
The positive reponses of seeds to the pre-

sow ing scarification treatments (abrasion and sul-
phuric acid) indicate that the hard seed coat is re-
gonsible for the low per cent gemination of un-
treated seeds used in the control (Fig 1,2, 3) by
preventing mbibition of water. Prevention of ger-
mination by hard seed coat of Calligonum ecies

has different ecological advantages'’!

. This feature
favours the accumulation of persistent seed banks
in the il, preads gem ination over time, sustains
the extremely environmental condition and increas-
es the chance that some seedswi ill finish gem ina-
tion, survival and establishment!***. Overcom-
ing dom ancy, oftening of seed coat and w ater up-
take are, therefore, crucial points in the life cycle of
hard-seeded gecies™®* *,

desert plants adapted to arid regions

egecially including

The results from the present study provided
evidence that the gemination patterns performed
significant difference betw een the pre-sow ing treat-
ments for all ten Calligonum ecies (Fig 1,2,3),
and the eed and per cent gem ination of the Cal-
ligonum <ecies investigated can be greatly in-
creased by subjecting the seeds to either mechani-
cal scarification or acid treatments The results
show ed that seedsof C. junceum have strong abili-
ty of geminating (Fig 2, 3).
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mproper seed pre-sow ing treatment can lead
to reduced seed gemination even viability. The
ran ifications of a poor seed supply for restoration
efforts are substantial A s viability rates are re-
duced, recommended seeding rates must be in-
creased Because the availability of Calligonum
seeds isoften limited by climate (rainfall) , seasonal

and site variability™

obtaining sufficient seed sup-
ply may be difficult and the assciated costs pro-

hibitive The formal standard recommended seed

pre-sow ing treatments for Calligonum species are
sulpuric acid and cold stratification®. The results
of thepresent study indicate that the abrasion,cold
stratification and sulphuric acid all are appropriate
to ten Calligonum 9ecies These conclusions are
very meaningful for propagating Calligonum
gecies by seed in the arid desert regions Further
work is required to develop seeding criteria for
properly seed pre-sow ing treatments to ensure ger-

mination in the field
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