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Abstract

Plecr of different chenmucalss Kinetin (0005 mMy. cthephon (3 pMoc G s mMGL protine
(0L VDL betame «00 T mM oy nitrate (L0 mMy and thiourea (5 M) was investigated i alleviating
salinity entoreed seed dormancy from Limoniun stockyii. Sixosalinity regimes (0 500 mM NaCl:
were sed 1 12 D photoperiod and incomplete darkaess to study the effect of difterent gernnnation
regulating chemicals in imduemg cermimation under saline condition, Only Kinetin and cthephon
suceesstully ables wued salinity entoreed seed dormancy of £ viocksiis Kinetin was more suceessiul
than cthephion. Seed germimation was substantially nhibited by salmity when cerninated under
complete darkness, Kinetin and ethephon appeared to be the only chemicals which improved seed
sernmatior o complete darkness Al other cermmanon regulating chemicals had no etfect at fow
salmisy but mhibred sermmatton ac hagh saliits i both light and dark.

Introduction

Seed dormancy is an adaptive mechanism to promote plant survival by distributing
germination i both time and space (Lorenzo ef «f.. 1999) 1t is influenced by a large
number of genes and environmental factors, espectally by those which affect the growth
potential of a seed (Korneel er «f.. 2002). In case of halophytes. seed germination 1s
usually prevented by physiologicat causes (Khan, 19967 induced by avattability of fess
than optinal enyiromnental conditions like water, hight, oxygen. temperature and soil
salimity (Corbincau & Come. 19950 Ungar, 1995). Exposure (0 osmotc sress causes
plants 1o exhibit different morphological and developmental changes at the molecular,
cellular and organismal levels (Yeo., 19980 Bohnert ef af.. 1999 Hascgawa or af., 20001
during the Tife cvele. These changes are due to the imbalance in growth regulators
causing an mereased level of endogenous ABA and other germination imhihitors and a
decrease in endogenous growth promoters (Bewely & Black. 1994,

Kudrer (19871 sugeested that endogenous hormone Tevel is affected by many
environmental stresses however external application o appropriate growth regulators
optitnize phyvsical merabolic conditons Tor germination. The role of various germination
regulating chenucals such as proline. betaine, gibberelling Kineting nitrate. thiourca and
cthephon in reducing the mhibitory etfects of salinity on germination is reported for
severil halophytes (Kudreto 1987 Bewely & Blick. 1994 Plyler & Proscus. 1996: Gul
&Weber, 1998 Khan & Ungar. 1997, 2000, 200 Ta.b.c, 2002). Different reeulatory rofes
are suggested tor these chemicals in breakimg seed dormancy in halophytes. They are
thought to alleviate salimty eftects on the germination by 1) affecting gene expression
and/or membrane function (Mo & Tlagen, 1993): 2) substituting Tor ight and temperature
(Khau & Weber, 1986, Bewely & Bluck. 1994 Corbincau & Come. 19950 Sutchife &
Whitchead. 1995)0 3) acting as an osmoregulator or asmoprotectant ol proteins in the
cytopiasm (Poljakot-Muyber er af., 1994 Gorhamm. 1995): and 4) counteracting the effect
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ol reduced promoter covitokinins and gibberellins) and increased inhibitor substances.,
such as abscisic acnd i seceds under high salinity {Kabar & Baltepe. 19903 However. the
ability ol these chemueals to relieve seed dormuney and (o stimulage cocs aaion varies
with envinonmental factors such as temperature and TighCand from one species 1o another
(Khan. 2003,

Seeds ol Lo stocksii are subjected to high saliniy aned temperature stress after
dispersal. However, seeds  germinate readily after monsoon raims under natural
conditions. Salinity tolerance of sceds under laboratory conditions decreased sharply
above 300 mM NaCl uand only few seeds germinated at 500 mM (Zia & Khan, 2004,
The inhibition of germination may be duce to an mmbalance ol critical germination
reautatme  chemicals. The present study was conducted o determine the role of
cermination regulating chemicals in alleviating salinity induced dormancy from sceds of
L. stocksi..

Malterials and Methods

Sceds ol Limonium stocksii were collected from a salt flat at the upper end ol
Manora creek near Hawks Bay, Karacht (247457-25°N and 66"457-67"1). Sceds were
separated from the mflorescence. surface sterilized using sodium hypochlorite (0.52 %)
for one minute followed by thorough rinsing with distilled water and air-drying.
Germination was carricd out i 30 mm diam. tght {itting plastic Petri dishes with 5 il
ol test solution. Tour veplicates of 25 seeds cach were used for cach treatment. Sceds
were considered to be germmated with the emergence of radicle.

Seeds were gernunated moan incubator at a day/night temperature ol 30/20 7°C in
mcubators (Pereval Scientifics USAL with o 12-h photoperiod (Svlvania cool white
fluorescent lamps, rradiance of 25 gmol. m 5 1 400-700 nn and in complete darkness
Mmoo salinity coneentrations (0. 100, 200, 300, 400 and 500 mM NuCD. Dornancy
relicving compounds: kinetin (0.05 mMi. cthephon (3 M), GAS (0.3 mM). proline (0
MM beame (O mM)c mitrate (10 mM) and thiourca (5 mM) were used. The
evel promoting seed gernnation in most

concentrations used were based on optimal
other species, Pereent sermination was recorded alternately for 20 days. Simitarly seeds
were gerpinated in complete darkness by placing petri-plates m black plastic bags Tor 20
davs and the eermination wis recorded alter 20 days.

Rate of germination was estimated by using modified Timson's index of germination
velacttve XG0 where Gris percentage of seed gernnated at 2-d mtervals, and s total
cermination period (Khan & Ungar, 19971 The maximum value possible tor our data
asing this index was 50 (e 1000/20h, The higher the value the more rapid the
sermimation. Germination data was arcsine transtormed before statistical analysis using
SPSS for Windows release 1T (SPSS, 20020 The 2-way and 3-way ANOVA were used
1o determine significant effects of various lactors and therr interaction on rate and
nercentage sernunation. A Bonferront test was used o determine signilicant differences

hetween means.

Results

Three way ANOVA ol percentage germination ol L. stocksii indicated sienificant (P
< 00001 effect of salinity . Hight. chemicals and thenr interactions (Fable 1. Best seed
cermmation was obtained i distlled water control and in 100 mM NaCT under 12-h
photoperiod. Further increase m sadinity gradually decreased seed germination and only a
few seeds could germimate i 300 mM NaCt (Fig. 1.
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Table 1. Results of three-way analysis of variance of final germination by salinity
(SAL). chemicals (CHEM)Y and light/dark (1. conditions. (The T v alues
o __are highly significantat P < 0.0001 levels,

~Source ~ Sumi of squares df 3
Salimity eSALY ART519.21 3 SN
Chenvear tCHIEM) 753,063 7 AT 9T
Light/Dark (1.1 6RITIAR I

SAL #CHIEM 2883512 35

SAL 1D 33555.88 5

CHIEM D 4100.96 7

SALECHEM =1.D H0723.79 35

Table 2. Effect of different germination regulating chemicals (thiourea, nitrate, proline,
betaine, giberellic acid, Kinetin, and ethephon) on rate of germination of Lirmoninn stocksii
seeds in difTerent salinity (0, 100, 200, 400 and 500 mM NaCl) treatments. (Different
letters in superseript represent significant (17 < 0.05) differences within cach

__salinity treatment, Bonferroni (est).

NaCl  Comfrol  Kinetin  Kthephon  GA; Proline  Betaine  Nitrate Thiourea
_{m¥) e - _ e
( 19307 490 10457 30007 40450 4950 46700 4945

tO T +0 1Y) £33 +0).(0) +).59 +().50 +1.74 +().35
100 Jo.A0 1985 1S90 37300 40700 4660 370257 4395
(1.3 +(1.22 4058 +|2 43 +0.71 +2.00 1527 +2.50
200 37000 4700 41707 075" IS8 1185 (6095 2990
#d 47 +1.29 +0.253 +0.43 +6.79 +1.99 +3.36 +0.23
300 1565 axd4s" 30.00 0.30" 245" 855" .85 6.75"
£5.30 +1.97 +06.08 +().30 +2.007 +5.14 +().82 +2.72
400 150" 17.60°" 3201 0.00" 230" 3.03° 0.35" 205"
+().58 +1.50 +1.38 +0.00 +1.41 +[.25 +0.35 +0.87
S00) 0.60" 30 000" 000" 0.25° 0.00" 0.20" .30
+0).30 +].23 +0.00 +0.00 +0.25 +0.60) +0.20 +0.90

Table 3. Results of two-way analysis of variance of rate of germination by salinity
___(SAL) and chemicals (CHEM). (The F values are significant at P < 0.0001).

Source ~_Sum of squares Df F
Salinity (SAT) 66829.57 5 2606.98
Chenucal (CHEEMY 7138.56 7 20.37

CSALECHEM 762555 35 4,357

Application of Kinetin and cthephon successfully alleviated inhibitory eflects of
satimity from sceds of Losrocksii (Frg. Ty, Sced germination improved {rom 42 to 92 % al
300 mM. front 4 10 56 ¢ at 400 mM and from 3 to 11 % at 500 mM NaCl with kinetin,
Lithephon enhanced seed germination in 300 mM NaCl and germination improved two-
folds from 43 o 83 % (Iiig. 1), Sced germination in complete darkness showed an
interaction with salinity (Table D). Al seeds germinated in non-saline condition under
complete darkness but germination was highly inhibited m saline solutions (Fig. 1),
Kinetin partially alleviated salinity effects only at low levels, whereas ethephon could not
affect germination in complete darkness (Fig. 1).
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Rate ol germmation v kinetin and cthephon was higher than non-saiine control
clable 2y The 2onay ANOVA of rate of germiaton imdicated siegnificant effects ol
salinstve chemicals and then interacoons i Tabic 350 Addition of oahios i Jrewth
regulators used e salime soluion could not alles e salmtsy mduces dormges trom the
secds ot Lorockvi m both liehtand dark olaes 2o+

Discussion

Stib-tropical halophytes asoadly face Tnmtations i the availabtine of coud ualin
water due todos ramfadl and hiels temperatore ralove 1070 The only avasfable water o
brachishe or scawater. Thoese abtotre stesses cremiperature. brehit and salnes s vesult
foss i optimal mdiveluad plant nerformanee mowerms oF cornnnation onthand
reprocuction CUnears FOOS L Halopinaes have coolved severad medhani-ons o i ne

treld s oeaadly throueh veoctatin e propaeaiton in

these oudions. Mecraitment e the :
Sodons and rhizomes: Recraiument throuch sceds s notsieed oniy alter mionsoon rns
when sodd satmity s o, Seeds of sonwe Tocal hadophyes have the abris o sothsand

N

i s dine serrods e the sod and remam saable tKEan, 2003,
Apphearan of Kimetin o salie condittoa reduced the stress response ot 7o sreck o
doconsaderaode extent and cinesed the alievianon o satiny enforced dormates. Kineun
1y beatmitme tactor ander safingy stress for seed gormination of £ ok han X
U 0 20025 adso reporied G0N mNT Ky feobe ctfective o aes stmy snnate as el
A sl mdneed donanes o S vepayilun soapiey seedso Seed corminnanon of sihet
species sder salin e conditions has aise neen coported toomiprey oo sionstrcantiv weh the
apphicaton af b Khan & U ngan s TORS T Kiian & Rizvi 10U Khae o o7 #9980y

reverts

Fehenhon s iorow s to atfect seed cormmatien Dy reteasiny et fone e

the an abinny ctects of PROoand ABA cReposunski TORG G0 s alse Rnowa e oreak

cnbrvos o seed coat anosed dermanoy csurchitte . Whintehead. POUS 0 RKeposa sk
P sk 19U T There e o tmber o enotis on dormanes sreakiiy s o
cilviie hepezaynshe TONOGCKepesonshe & Kepezanska, POT 0 These toports faise the
wosad it that the produciior b ctiaene s Conirhike (oo dreab g o Sorianes i
mbih s secds Thew ey o0 Black. 1904 Rhan A Canear, 1000 A ppiicaron o cthephen

sl v rated sabmey ctoced gormianey tonm the it exposed seeds o F L focky

|
1

[ENTAR N

scbrcr bech P odey PO Ty densonsrated that hvene acton s Jepeadent o s i

b Paotiad alleviation o sannite andiiced dommaney wias aeo abhiated o
Ao 0 st e ooy sy uid T nplen cr i CNDan a0 poir TUON
J0eo; Jootb 2ot Bideiene < waoean oo e water poteittiid of e cerminnanig
wodscats e e ey o ornnes . Howesers partial addes tation o ao e
sdicntes that under saitie o endiion cvater avarlability s not the onis consinne e e
seed Bt an mteraciion G cs abvote Tacters o responsible for thes satibiion

Hashrn o Pk rris sgzested that most sadt desert and sait 2w Dafopasies

Fve e Sorm o onvegozical dormaney s whien s usuadly alley kited by e anpricanon
oy canberehie acd s reported to be one of the potent plant srowin reauiators o
Aevate saimity citect on the cernunation ol dicotviedonous haiophyies < Khan <4 i,
SIOND Coat cor ol 20000 Khan & Ungar, 2000ab.cr However, Gy dulea o adleviate
Al onforeed dormaney i seads ot Lo sviocksis Stnlar iesults vere cntimed for
ive a anpricata tMehran-Nisae 200300 Sporobolis arabicis cKhan s onears 2601
ard frrelocin maridmea CKhan & Vongar, 200400,



941 S 700 & MALKHAN

| aa aa 1 aa
— CONtrol
oxxx Proline

80 3 T

100

= (ontrol
| e Betaine

60

40

mzsmm Control
= Nitrate

mmmm Control
pw | hiourea

80

o]
o

Germination (%)
N
o

N
S

100

mmm Control
ooz GA, NaCl (mM)

40

20

0 100 200 300 400 500
NaCl (mM)
Fio. 20 Elfect ot different germination regulating chemicals on the seed germination of 1. stocksii under
120 photoperind in different NaCl sadimties. (Means within each salinity treatment having different
letters are signilicantly different from one another (P<0.03), Bonferroni test).



1T OF GERVINATION REGULATING CHEMICALS

945

100 -
80 -
60 -
40 -
20 -
O -
100
s 80
S e
=40
=
g
20
0
100
80

60 1

40

AR NREEEAENR

. Con
ez GA,

4

009 e Pet et PP et bt
SRR I

0 100 200 300 400
NaCl (mM)

: mm Control
‘ =) Nitrate

trol

500

I

} M control

! BB Proline |
!

OB

0

SeTeratatateeTe

100

LIRSl
& Betamne

mmm Control
" == Thiourea

200 300 400

NaCl (mM)

Tieo 30 Ftect of ditferent cermination regulating chemicals on seed germimation of /1

SR

500

Vocksil

wader complete darkness medifferent NaClsalinities. (Mean with in cact sulinity vreatment having

ditferent wetters are signdicanthv difterent from one another (P<0.05), Bonferron tests



916 S.ZIA & MOADKHAN

Compattble osmotica like proline and betaine have some effects in alieviating
dormancy cKhan e ol 1998 In £ srocksin both the chemicals failed o alleviate sabnity -
enlorced dormancy Sinnlae results were obtamed by Gulza & Khae 7007 seeds ol
A acopoides. Urocliondra setdosa and Sporoholus fociaaos 2olpkot! Mavber er af
{1995 hund that there were Tow levels of prohme and stgntficant amaotls of hetame m
dry seeds of Kosrelerckva virgmica, which may alleviate the mhibnors cifects by acting
as . osmoreaulator or osmoprotectant ol protems e the ey toplasi However: external
application of proline and betaine had no effect on seed germimation. Prolime and betaine
failed 1o revert high salinity mduced dormancy in the seeds ol Zveoplovttune sunpley
(Khan & Vingar. 1997 Avthrocnenuon macrosiachyvum and Salicornic ribra (Khan e;
al 1998y while dormancy was alleviated moseeds ol Arripley siocksii (Khan & Ungar,
2000y,

The promotion of seed gernunation by Nitrogenous compounds such as thioures.
nittite and nitrate has been reported (Bewely & Black, 1994y, They are known 1o
counteract the effect of reduced promoter (evtokmins and gibberelting) and inereused
inhibitor substances, such as abscrsic acid. n seeds when they are exposed to lngh salt
stress (Rabar & Baltepe. 19905 Treatment with thiourea was highly cffective 1
alleviating the inhibition of germinauon by salmity or ligh temperature (Gul & Webher,
19983, Nitrogenous compounds bad ne cffect on the germination of L. srocksii. Similar
restlts were obtamed for SUimbricara (Mehrun-Nisa: 2004, S, joclados and U setulosa
(Gulzar & Khan, 2002),

Limoniuny stocksic s aperenmial woody shrub distributed in coastal arcas of Karach
It produces large number ol seeds twice a vear, which become a part of the seed bank
where they face high temperatre and salmity stress. Seeds mamtain viabitity and
cermmate soon after monsoon taihs, Laboratory experiments related to seed germiumation
ol L. stocksii indicated that seeds germinate as soon as salintty stress is relieved. A wide
range ol plant growth regulatmye substances was used to examine thewr eltect on salinity
nduced dormant sceds. Seed cormmation ol Loostocksii was parbally alleviated by the
application ot Kinetn and cthephon white other chemicals renianed inettective. This
complete or partid Tatlure of dormancy reversal 1s reported for many subtropical
halophvies. Failiure 1o respond to 2rowth regulators i subtropical halophytes could be
due to the Yoss ol viability or osmotie and 1ome elfeets of salinity. However. in i srocksii
it appears (hat sceds are prevented from germimation due to osmotic effects only without
any change to its metabolisie therefore germination promoting chemicals had hittle
cffect. This study indicates the need o examine the differential clfects ol varous
eermination  regulating  chenucals to o understand better the  germination ihibition
mechanisis under suline conditions.
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