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不同种子预处理对 10种沙拐枣
植物萌发的影响
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摘　要Π为了确定沙拐枣植物种子的萌发特性及最优播前预处理方法Κ在实验室条件下Κ对 10种沙拐枣植物的种

子进行了磨砺、硫酸和热水浸泡、冷藏、种子浸出液处理Κ然后进行发芽实验研究Λ 萌发实验的结果表明Κ10种沙拐

枣植物对于不同的种子预处理Κ均表现出相似的萌发反应Λ磨砺、硫酸浸泡和冷藏处理对种子萌发有明显地促进作

用Λ与对照相比Κ种子浸出液处理对种子的发芽率、发芽速度均具有明显地抑制作用Κ并能增强种子的休眠Λ冷藏处

理具有打破有活力的种子休眠、促进种子萌发的作用Κ但它与热水浸泡处理一样Κ对有活力种子表现出一定的致死

作用Λ沙拐枣植物的萌发模式在不同种子预处理间均表现出明显的差异性Λ机械磨擦和硫酸处理能够促进种子的

萌发率及发芽势Λ 泡果沙拐枣;Callig onum junceum Γ在本项实验中表现出很强的萌发能力Λ

关键词Π沙拐枣Μ种子预处理Μ种子萌发Μ种子休眠
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Effects of d ifferen t seed pretrea tm en ts on

germ ination of ten Ca lligonum spec ies
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AbstractΠIn o rder to determ ine the op t im um seed p re2sow ing trea tm en ts and pat tern s of germ inat ionΚa

greenhou se experim en t w as conducted to study the effects of ab rasionΚsu lphu ric acidΚbo iling w aterΚco ld

st ra t if ica t ion and seed exudate t rea tm en ts on the germ inat ion of ten Ca llig onum species. T he resu lts

show ed that the respon se of seed germ inat ion to the differen t p ret rea tm en ts w as sim ilar fo r a ll ten Ca l2

lig onum species. T he ab rasionΚsu lphu ric acid and co ld st ra t if ica t ion trea tm en ts sign if ican t ly p romo ted over2

all germ inab ility. Compared w ith the con tro lΚthe exudate t rea tm en t sign if ican t ly decreased the percen t ger2

m inat ionΚhampered the ra te of germ inat ion and bo lstered do rm ancy fo r a lmo st a ll species. T he co ld st ra t if i2

cat ion trea tm en t can b reak the do rm ancy of viab le Ca llig onum seeds and increased the germ inat ionΚbu t it
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has a lit t le lethal effect on viab le seeds p robab ly as w ell as the bo iling w ater t rea tm en ts. T he germ inaton

pat tern s perfo rm ed sign if ican t d ifference betw een the p re2sow ing trea tm en ts fo r a ll ten Ca llig onum speciesΚ

and the speed and percen t germ inat ion of the Ca llig onum species can be great ly increased by m echan ica l

scarif ica t ion o r su lphu ric acid trea tm en ts. T he resu lts show ed that seeds of C. junceum have strong ab ility

of germ inat ing.

Key wordsΠCa llig onum Μseed p retrea tm en tsΜseed germ inat ionΜseed do rm ancy

　　 Ca llig onum species are dom inan t perenn ia l

sh rub s in act ive sand dunes and stab ilized sand

field in the no rthern desert of Ch ina [1Κ2 ]. T hey can

ex ist in mob ile sand dunes in condit ion s of ex trem e

drough t [2Κ3 ]. T hey have a repu ta t ion to h igh to ler2

ance to w ater deficit. T hey appear to be su itab le fo r

revegeta t ing of desert [1Κ2Κ4Κ5 ]. T hey have great po2

ten t ia l to p rovide differen t p roducts and services

such as fo rageΚt rad it ional m edicineΚhalt ing desert

encroachm en t and stab ilizing sand dune [2Κ3 ]. A s

their grea t impo rtance in p rovid ing m any u ses and

servicesΚthey have at t racted som e at ten t ion. How 2

everΚthere has been lit t le experim en ta l research

dealing w ith the seed germ inat ion and seedling e2

m ergence of them [6 ]. T he availab le info rm at ion

abou t these species is their bo tanyΚ cu lt iva ted

m ethodΚtaxonom yΚgenet ic d iversityΚb rief descrip2

t ion s of their hab ita t condit ion and the range of

their geograph ica l d ist ribu t ion [1～ 8 ].

O ne of the p rob lem s rela ted to the neglect of

these is the diff icu lty of ra ising seedling from

seeds. T he seeds have a hard imperm eab le seed

coat w h ich p reven ts seeds from im b ib ing of w ater

and germ inat ion [2Κ6Κ8 ]. T herefo reΚ the seed trea t2

m en ts befo re sow ing are requ ired to ob ta in rap idΚ

un ifo rm and h igh germ inat ion [9～ 14 ]. T he pu rpo se of

the p resen t study w as to invest iga te the germ ina2

t ion respon ses and speed of ten Ca llig onum species

to differen t p re2sow ing trea tm en tsΚas an under2

standing of these facto rs is crucia l fo r the success2

fu l regenera t ion and recru itm en t of these long2lived

desert p lan t species.

1　M ateria ls and m ethods

1. 1　Seed collection and prepara tion

　　Seeds of ten Ca llig onum species ;C. junceum Ψ

C. leucoclad um ΨC. rubicund um ΨC. d ensum ΨC. m on2

g olicum ΨC. ch inenseΨC. cap u t2m ed usaeΨC. a r2

borescensΨC. a laschan icum and C. p otan in ii Γ w ere

co llected from at least 10 p lan ts per species in A u2

gu st and Sep tem berΚ1998 at Shapo tou D esert R e2

search and Experim en ta l Sta t ion of Ch inese A cade2

m y of Sciences ; 37°32′N Κ105°02′EΚ1 339 m a. s.

l. ΓΚN ingx ia p rovinceΚCh ina. Seeds w ere allow ed to

air2dry and sto red at room temperatu re ; 23℃～

26℃Γun t ilM ay 1999Κw hen experim en ta l p ret rea t2

m en ts w ere in it ia ted ; sto rage in th is m anner d id

no t affect the do rm ancy o r viab ility of the seedsΓ.

Fo r each speciesΚseeds w ere m ixed and then allo2

cated at random. T he abo rted and p redated seeds

w ere discarded. In tact p lump seeds w ere su rface

sterilized w ith N a2hypoch lo rite p rio r to any experi2

m en tal u sage. Seed viab ility is variab leΚbu t is gen2

era lly betw een 30%～ 50% [2Κ6 ].

1. 2　Pre- sowing seed trea tm en t exper im en ts

1. 2. 1　Abra sion of seed coa t　T he m echan ica l

scarif ica t ion trea tm en t w as carried ou t by grinding

seeds in a mo rtar w ith a p inch of clean silica sand

un t il a ll seta of seed coat w as removed and the seed

coat w as b roken.

1. 2. 2　 Sulphur ic ac id imm ersion　 Since seeds

from the ten species apparen t ly w ere differen t in

the size ; T ab le 1Γ and the degree of hardness of

their seed coats ; based on visual in spect ion ΓΚbu t

they received sam e su lphu ric acid trea tm en ts. Seeds

w ere imm ersed in 96% su lphu ric acid fo r 30 m inΚ
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and then rin sed tho rough ly in runn ing w ater fo r 45 m in.

Table 1　Date of seed collectionΚas well as seed size and dry mass of ten Ca lligonum spec ies. Seed size and

seed dry mass are mean s ;±sdΓof ten random ly selected seeds from each spec ies ; T aoΚ2000Γ

Species D ate of seed
co llection

L ength of seed
;m ean±sdΓ

;mm Γ

D iam eter of seed
;m ean±sdΓ

;mm Γ

Seed m ass
;m ean±sdΓ

;m gΓ

C. junceum 242A ug. 298 11. 07;±0. 76Γ 9. 24;±0. 99Γ 0. 08;±0. 01Γ

C. leucoclad um 132A ug. 298 12. 53;±0. 97Γ 9. 95;±1. 81Γ 0. 07;±0. 01Γ

C. rubicund um 32Sep. 298 16. 70;±1. 62Γ 14. 17;±1. 43Γ 0. 16;±0. 02Γ

C. d ensum 32Sep. 298 16. 09;±2. 05Γ 14. 77;±1. 83Γ 0. 10;±0. 01Γ

C. m ong olicum 242A ug. 298 13. 32;±1. 35Γ 9. 32;±1. 48Γ 0. 10;±0. 02Γ

C. ch inense 292A ug. 298 13. 11;±0. 90Γ 11. 85;±1. 12Γ 0. 12;±0. 01Γ

C. cap u t2m ed usae 102A ug. 298 21. 66;±2. 31Γ 18. 18;±3. 05Γ 0. 15;±0. 01Γ

C. arborescens 102A ug. 298 20. 32;±4. 42Γ 16. 34;±4. 01Γ 0. 15;±0. 03Γ

C. a laschan icum 12Sep. 298 19. 78;±2. 44Γ 16. 27;±2. 17Γ 0. 11;±0. 02Γ

C. p otan in ii 12Sep. 298 14. 73;±1. 93Γ 12. 23;±2. 12Γ 0. 11;±0. 01Γ

1. 2. 3　Hot wa ter trea tm en t　Each rep lica te of

seeds w as enclo sed in a coffee filter bag w h ich w as

then fo lded and fastened w ith paper clip s to p re2
ven t seed lo ss. T he seeds w ere then imm ersed in

bo iling w ater fo r 10 m in. A fter imm ersionΚthey

w ere removed from the bo iling w ater and left to

coo l on a tab le fo r abou t 5 m in.

1. 2. 4　Cold stra tif ica tion　Seeds w ere soaked in

dist illed w ater fo r 2 dΚw rapped in paper bagsΚand

then sto red in p last ic bags in a refrigera to r ; 3℃ΓΚ

fo r 25 d. D u ring the period of im b ib it ionΚw ater w as

rep laced tw ice a day.

1. 2. 5　Exuda te trea tm en t　D u ring p relim inary

studies it had been no ted that a yellow Κw ater2so lu2
b le m ateria l w as exuded from soak ing seedsΚit m ay

be con ta ined w ater so lub le inh ib ito rs from the seed

coat [6 ]. To exam ine the po ssib le effect of th is exu2
date on seed germ inat ionΚa group of seeds w as ex2
po sed to the exudate so lu t ion du ring the germ ina2
t ion periodΚin stead of clean dist illed w ater.

1. 3　Germ ina tion exper im en ts

T he germ inat ion experim en ts w ere conducted

du ring M ay2June 1999. Con tro lled seeds and seeds

that had undergone the p retrea tm en ts described

above w ere p laced on w et f ilter paper in glass petri

d ishes ; 11. 5 cm diam eter × 2 cm dep th Γ. T hese

w ere then p laced in to the temperatu re2con tro lled

cham bers fo r germ inat ionΚset a t 14 h of dayligh t a t

25℃ and 10 h of darkness a t 12℃Κto app rox im ate

genera l sp ringt im e field condit ion s. To en su re no

system at ic effects due to po sit ion w ith in the cham 2
berΚpetri d ishes w ere re2arranged at random every

2 d. A ll p re2sow ing seed trea tm en ts con sisted of

f ive rep lica tes of 40 seeds fo r each species. V isib le

rad icle grow th w as u sed to define germ inat ion.

Germ inat ion w as reco rded every 5 d and allow ed to

p roceed fo r 9 w eek s excep t w here specif ied. U nger2
m inated seeds w ere soaked in w ater a t 30℃ fo r 24

h. Seed coats w ere cu t and the em b ryo w as soaked

in 1% tetrazo lium ch lo ride fo r 24 h at 30℃. P ink

em b ryo s w ere sco red as alive. Germ inat ion w as ex2
p ressed as percen tage of viab le seeds germ inated.

1. 4　Da ta ana lysis

T he resu lts of the germ inat ion experim en ts

w ere analyzed fo r sta t ist ica l sign if icance ;ANOVA Γ

w ith the STA T IST ICA softw are package fo r per2
sonal compu ter [15 ]. A ll percen t germ inat ion data

w ere arcsine2square2roo t t ran sfo rm ed p rio r to anal2
ysis. M ean s and standard devia t ion s w ere u sed in

p resen ta t ion of tab les and graph s. M u lt ip le com 2
parison s of m ean s w ere m ade w ith D uncanπs tests

a t 95%. T he fo llow ing param eters w ere deter2
m ined [13 ].

Germ inab ility ; % Γ = ; num ber of germ inat ing

seedsönum ber of seeds in it ia tedΓ×100

R ela t ive germ inab ility ; % Γ= ; num ber of germ i2
nat ing seedsönum ber of viab le seeds in it ia ted Γ×
100

Do rm ancy ; % Γ= ; num ber of ungerm inated bu t vi2
ab le seedsönum ber of seeds in it ia tedΓ×100
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R elat ive do rm ancy ; % Γ= ; num ber of ungerm inat2
ed bu t viab le seedsönum ber of viab le seeds

in it ia tedΓ×100

M o rta lity ; % Γ= ; num ber of inviab le seedsönum 2
ber of seeds in it ia tedΓ×100

Index of germ inat ion ra teΠIGS= ∑GötΚ

w here G is the rela t ive germ inab ility percen t2
ageΚat 5 d in tervalsΚand t is to ta l germ inat ion peri2
od. T h is param eter characterizes the pace of germ i2
nat ion fo r part icu lar seed rep lica tes.

2　R esu lts

2. 1　Seed qua l ity of germ ina tion ecology

　　 T ab le 2 summ arizes m ean values fo r ger2
m inab ilityΚrela t ive germ inab ilityΚdo rm ancyΚrela2
t ive do rm ancyΚmo rta lity and IGSΚp rio r to any p re2
t rea tm en t. T he germ inab ility and rela t ive ger2
m inab ility bo th w ere sign if ican t ly differen t among

ten species ;one2w ay ANOVA ΠF 9Κ40 = 14. 94ΚP <

0. 000 1 fo r the fo rm erΜF 9Ψ40 = 10. 52ΨP < 0. 000 1

fo r the la t terΓ. C. junceum had the h ighest level of

germ inab ility and rela t ive germ inab ility ; 47% and

69. 3% Γ. C. leucoclad um and C. m ong olicum had

sign if ican t low er level of germ inab ility and rela t ive

germ inab ility ; 11. 5% and 28. 8% fo r the fo rm erΚ
14. 5% and 31. 3% fo r the la t ter Γ than o ther

species. InverselyΚC. leucoclad um and C. m on2
g olicum had sign if ican t h igher level of rela t ive do r2
m ancy ; 71. 2% and 68. 7% Γ. T he one2w ay ANO 2
VA show ed that the percen tage of do rm an t seeds

w as no t affected by species sign if ican t ly ; F 9Ψ40 =

2. 12ΨP = 0. 53Γ. T here w as sign if ican t d ifference

among species in seed mo rta lity and IGS ;one2w ay

ANOVA ΠF 9Ψ40 = 7. 70ΨP < 0. 000 1 fo r mo rta lityΜ

F 9Ψ40= 6. 87ΨP < 0. 000 1 fo r IGSΓ. C. leucoclad um Ψ

C. m ong olicum and C. a laschan icum had sign if ican t2
ly h igher level of mo rta lity ; 61% Κ55. 5% and

54. 5% Γ. T he IGS w ere low er fo r C. leucoclad um

; 4. 2Γand C. m ong olicum ; 4. 5ΜT ab le 2Γ.

Table 2　Overa ll seed germ ination qual ities for ten spec ies of Ca lligonum following storage for 8 mon ths at

room temperature. D ifferen t superscr ipt letters ind icated sign if ican t d ifference between the va lues of

pa irs of spec ies in the same column ;D uncanπs m ult ip le comparison testΚP < 0. 05Γ

Species
Germ inab ility

;±sdΓ
; % Γ

Relative
germ inab ility

;±sdΓ
; % Γ

Do rm ancy
;±sdΓ
; % Γ

Relative
do rm ancy

;±sdΓ
; % Γ

M o rtality
;±sdΓ
; % Γ

IGS
;±sdΓ

C. junceum 47. 0±7. 4 a 69. 3±13. 4 a 21. 5±10. 2 a 30. 7±13. 4 a 31. 5±6. 8 a 9. 8±2. 4 a

C. leucoclad um 11. 5±5. 2 b 28. 8±8. 1 b 27. 5±7. 7 a 71. 2±8. 1 b 61. 0±11. 0 b 4. 2±1. 5 bd

C. rubicund um 37. 5±7. 7 ac 58. 9±14. 7 a 27. 0±11. 0 a 41. 1±14. 7 a 35. 5±6. 9 a 7. 6±2. 7 abc

C. d ensum 42. 5±3. 1 ac 64. 1±9. 6 a 24. 5±8. 7 a 35. 9±9. 6 a 33. 0±6. 5 a 8. 6±1. 5 a

C. m ong olicum 14. 5±8. 2 b 31. 3±8. 7 b 30. 0±10. 3 a 68. 7±8. 7 b 55. 5±16. 6 b 4. 5±0. 8 cd

C. ch inense 35. 5±4. 1 ac 61. 3±6. 2 a 22. 5±4. 7 a 38. 7±6. 2 a 42. 0±5. 1 ab 7. 6±1. 0 ac

C. cap u t2m ed usae 34. 0±8. 4 ac 52. 2±12. 9 a 31. 5±9. 9 a 47. 8±12. 9 a 34. 5±9. 7 a 6. 4±1. 9 ab

C. arborescens 29. 5±4. 5 ac 58. 5±2. 9 a 21. 0±3. 8 a 41. 5±2. 9 a 49. 5±7. 8 ab 7. 0±1. 0 abc

C. a laschan icum 26. 0±8. 2 c 58. 2±12. 6 a 19. 5±8. 9 a 41. 8±12. 6 a 54. 5±13. 9 b 7. 4±2. 3 a

C. p otan in ii 34. 0±4. 5 ac 64. 2±7. 1 a 19. 0±4. 2 a 35. 8±7. 1 a 47. 0±4. 5 ab 8. 0±1. 5 ac

2. 2　Effect of pretrea tm en ts on germ ina tion speed

A fter 5 days of w et t ingΚalmo st a ll species be2

gan to germ inate a t a ll p ret rea tm en ts and the con2

t ro l. T heir rela t ive germ inab ility exceeded 10% at

the ab rasionΚ su lphu ric acid and bo iling w ater

t rea tm en tsΚbu t decreased 10% at the co ld st ra t if i2

cat ionΚexudate and the con tro l. Fo r a ll speciesΚthe

ab rasion and su lphu ric acid trea tm en ts tended to

qu icken the cou rse of germ inat ion som ew hatΚin2

verselyΚthe co ld st ra t if ica t ion and exudate t rea t2

m en ts slow ed the germ inat ion. E specia llyΚthe exu2

date t rea tm en t great ly inh ib ited the cou rse of ger2

m inat ion even the final rela t ive germ inab ility fo r

C. leucoclad um ΨC. d ensum ΨC. m ong olicum ΨC. ca2

p u t2m ed usaeΨC. a rborescensΨC. a laschan icum and

C. p otan in ii. In the period of 10 days to 20 daysΚC.

rubicund um ΨC. d ensum ΨC. ch inenseΨC. cap u t2

m ed usaeΨC. a rborescensΨC. a laschan icum and C.
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p otan in ii all show ed the faster germ inat ion speed at a ll p ret rea tm en ts and the con tro l ; F ig. 1Γ.

F ig. 1　Comparison of germ ination period fo r ten Callig onum seeds among differen t p retreatm ents

2. 3　Effect of pretrea tm en ts on germ ina tion

T he final rela t ive germ inab ility w as sign if ican t2
ly d ifferen t betw een p retrea tm en ts in all species
;one2w ay ANOVA ΠF 5Ψ24= 5. 03ΨP = 0. 003 8 fo r C.
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junceum [ F 5Ψ24 = 24. 50ΨP < 0. 000 1 fo r C. leuco2
clad um [ F 5Ψ24 = 6. 85ΨP = 0. 000 7 fo r C. rubicun2
d um [ F 5Ψ24= 12. 76ΨP < 0. 000 1 fo r C. d ensum [ F 5Ψ24

= 32. 22ΨP < 0. 000 1 fo r C. m ong olicum [ F 5Ψ24 =
3. 32ΨP = 0. 024 0 fo r C. ch inense[ F 5Ψ24= 38. 36ΨP <
0. 000 1 fo r C. cap u t2m ed usae[ F 5Ψ24 = 26. 58ΨP <
0. 000 1 fo r C. a rborescens[ F 5Ψ24 = 10. 69ΨP <
0. 000 1 fo r C. a laschan icum [ F 5Ψ24 = 12. 68ΨP <

0. 000 1 fo r C. p otan in ii Γ. Seeds from all species
show ed an increase in rela t ive germ inab ility after
su lphu ric acid and bo iling w ater t rea tm en ts than
the con tro l and o ther t rea tm en ts. T he rela t ive ger2
m inab ility w as sign if ican t ly decreased by exudate
t rea tm en t fo r C. leucoclad um ΨC. d ensum ΨC. m on2
g olicum ΨC. cap u t2m ed usaeΨC. a rborescensΨC. a las2
chan icum ; F ig. 2Γ.

F ig. 2　Seed rela t ive germ ination percen t of 10 Callig onum species after five seed p retreatm ent
and one con tro l. V alues w ith the sam e superscrip t let ters are no t sign ifican tly differen t a t

P < 0. 05 acco rding to D uncanπs m ult ip le comparison test

　　T he index of germ inat ion ra te of seeds ; IGSΓ
w as sign if ican t ly differen t betw een p retrea tm en ts
in all ten species ;one2w ay ANOVA ΠF 5Ψ24 = 5. 61Ψ
P = 0. 002 2 fo r C. junceum [ F 5Ψ24 = 39. 56ΨP <
0. 000 1 fo r C. leucoclad um [ F 5Ψ24 = 8. 07ΨP =
0. 000 3 fo r C. rubicund um [ F 5Ψ24 = 22. 49ΨP <
0. 000 1 fo r C. d ensum [ F 5Ψ24= 59. 6ΨP < 0. 000 1 fo r

C. m ong olicum [ F 5Ψ24 = 8. 8ΨP = 0. 000 2 fo r C. ch i2
nense[ F 5Ψ24 = 44. 4ΨP < 0. 000 1 fo r C. cap u t2
m ed usae[ F 5Ψ24 = 57. 73ΨP < 0. 000 1 fo r C. a r2
borescens[ F 5Ψ24= 14. 88ΨP < 0. 000 1 fo r C. a laschan2
icum [ F 5Ψ24 = 21. 26ΨP < 0. 000 1 fo r C. p otan in iiΓ
; F ig. 3Γ.

F ig. 3　 Index of germ ination rate of seed ; IGSΓ fo r 10 Callig onum species after five seed p retreatm ent and one con tro l.
V alues w ith the sam e superscrip t let ters are no t sign ifican tly differen t a t

P < 0. 05 acco rding to D uncanπs m ult ip le comparison test
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　　 Fo r all speciesΚthe h igher IGS occu rred at

ab rasionΚsu lphu ric acid and bo iling trea tm en ts.

Compared w ith the con tro lΚthe co ld st ra t if ica t ion

and exudate t rea tm en ts sign if ican t ly decreased the

IGS in C. leucoclad um ΨC. m ong olicum ΨC. a r2

borescens and C. p otan in iiΚthe ab rasionΚsu lphu ric

acid and bo iling w ater t rea tm en ts sign if ican t ly in2

creased the IGS in C. leucoclad um and C. m on2

g olicum . A t the con tro l and all p ret rea tm en tsΚC.

junceum perfo rm ed h ighest level of IGSΚand C. leu2

coclad um perfo rm ed low est IGS ; F ig. 3Γ.

3　D iscu ssion

T he hard seed coat of m any desert p lan t

species has evo lved to w ith stand successfu lly un2

favou rab le condit ion s as heat cau sed by sun ligh tΚ

st rong teeth of d ispersing an im alsΚsevere drough t

and m echan ica l dam age [16～ 22 ]. T herefo reΚ severe

trea tm en ts are requ ired to m ake the seed coat per2

m eab le to w ater. Severa l p re2sow ing trea tm en ts

have been u sed to overcom e hard seed coat impo sed

do rm ancy [23～ 28 ]. T he ob ject ive of a ll these trea t2

m en ts is to m ake the seed coat perm eab le to w ater

by act ing on specif ic w eak spo ts of the hard seed

coat. O f the variou s p re2sow ing trea tm en tsΚco ld

st ra t if ica t ionΚm echan icalΚacid and ho t w ater scari2

f ica t ion trea tm en ts are w idely u sed since they p ro2

vide good perfo rm ance on germ inat ion w ith in a rel2

at ively sho rt period of t im e.

In the p resen t studyΚthe germ inat ion respon se

of seeds to the differen t p ret rea tm en ts w as mo re o r

less sim ilar fo r a ll ten Ca llig onum species. Seeds

from all species show ed an increase in rela t ive ger2

m inab ility after su lphu ric acid and bo iling w ater

t rea tm en ts than the con tro l and o ther t rea tm en ts.

T he exudate t rea tm en t had differen t effects on do r2

m ancy from differen t species. Compared w ith the

con tro lΚthe exudate t rea tm en t sign if ican t ly ham 2

pered the percen t germ inat ionΚspeed of germ ina2

t ionΚovera ll ra te of germ inat ion and bo lstered do r2

m ancy fo r a lmo st a ll species ; F ig. 1Κ2Κ3Γ. It can be

defined that there w as the inh ib it ing m ateria l in the

yellow w ater2so lub le exudate of Callig onum

seeds[6Κ27Κ29 ]. T he ab rasion trea tm en t p romo ted

overa ll germ inat ion of a ll species. T he co ld st ra t if i2

cat ion trea tm en t can b reak the do rm ancy of viab le

Ca llig onum seeds and increased the germ inat ionΚ

bu t it has a lit t le lethal effect on viab le seeds p rob2

ab ly. A cco rd ing to ou r ob servat ion du ring germ ina2

t ion experim en tsΚm any seeds trea ted w ith bo iling

w ater ro t ted and succum bed to mou ld at tackedΚin2

dicat ing that they are very sen sit ive and lethal to

the seeds.

T he po sit ive respon ses of seeds to the p re -

sow ing scarif ica t ion trea tm en ts ; ab rasion and su l2

phu ric acidΓ ind ica te that the hard seed coat is re2

spon sib le fo r the low per cen t germ inat ion of un2

t rea ted seeds u sed in the con tro l ; F ig. 1Κ2Κ3Γ by

p reven t ing im b ib it ion of w ater. P reven t ion of ger2

m inat ion by hard seed coat of Ca llig onum species

has differen t eco logica l advan tages[2 ]. T h is fea tu re

favou rs the accum u lat ion of persisten t seed bank s

in the so ilΚsp reads germ inat ion over t im eΚsu sta in s

the ex trem ely environm en ta l condit ion and increas2

es the chance that som e seeds w ill f in ish germ ina2

t ionΚsu rvival and estab lishm en t [16Κ18Κ20 ]. O vercom 2

ing do rm ancyΚsoften ing of seed coat and w ater up2

take areΚtherefo reΚcrucia l po in ts in the life cycle of

hard2seeded species[13Κ30～ 32 ]Κ especia lly including

desert p lan ts adap ted to arid reg ion s.

T he resu lts from the p resen t study p rovided

evidence that the germ inat ion pat tern s perfo rm ed

sign if ican t d ifference betw een the p re2sow ing trea t2

m en ts fo r a ll ten Ca llig onum species ; F ig. 1Κ2Κ3ΓΚ

and the speed and per cen t germ inat ion of the Ca l2

lig onum species invest iga ted can be great ly in2

creased by sub ject ing the seeds to either m echan i2

cal scarif ica t ion o r acid trea tm en ts. T he resu lts

show ed that seeds of C. junceum have strong ab ili2

ty of germ inat ing ; F ig. 2Κ3Γ.
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Imp roper seed p re2sow ing trea tm en t can lead

to reduced seed germ inat ion even viab ility. T he

ram ifica t ion s of a poo r seed supp ly fo r resto ra t ion

effo rts are sub stan t ia l. A s viab ility ra tes are re2

ducedΚ recomm ended seeding ra tes m u st be in2

creased. Becau se the availab ility of Ca llig onum

seeds is often lim ited by clim ate ; ra infa llΓΚseasonal

and site variab ility [2 ] ob ta in ing suff icien t seed sup2

p ly m ay be diff icu lt and the associa ted co sts p ro2

h ib it ive. T he fo rm al standard recomm ended seed

p re2sow ing trea tm en ts fo r Ca llig onum species are

su lpu ric acid and co ld st ra t if ica t ion [5 ]. T he resu lts

of the p resen t study indica te that the ab rasionΚco ld

st ra t if ica t ion and su lphu ric acid all are app rop ria te

to ten Ca llig onum species. T hese conclu sion s are

very m ean ingfu l fo r p ropagat ing Ca llig onum

species by seed in the arid desert reg ion s. Fu rther

w o rk is requ ired to develop seeding criteria fo r

p roperly seed p re2sow ing trea tm en ts to en su re ger2

m inat ion in the field.
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