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ABSTRAcT

An overview of seed dormancy and germination in 
plants is presented with reference to various crops, 
especially  oil  palm, and the  effects of plant growth 
regulators (PGRs) and chemicals are also highlight-
ed. This review also includes the biochemistry and 
molecular studies in seed germination, and related 
issues.

ABSTRAK

Rumusan keseluruhan bagi kedorminan biji dan 
pencambahan dalam tumbuhan dibincangkan. Pen-
cambahan biji dalam pelbagai tanaman terutama 
sawit, kesan bahan penggalak pertumbuhan dan 
bahan kimia turut diterangkan. Artikel ini merang-
kumi kajian biokimia dan molekular pencambahan 
biji serta isu-isu yang berkaitan.

Keywords: seed dormancy, o�l palm seed germ�na-
t�on, PGR.

inTRoDucTion

Seed dormancy and germ�nat�on are complex adap-
tive traits of higher plants that are influenced by a 
large number of genes and env�ronmental factors. 
A ‘l�v�ng’ seed that does not germ�nate although 
provided with adequate water, sufficient oxygen 
for normal aerob�c metabol�sm and an adequate 
surround�ng temperature �s termed dormant. 
Seed germ�nat�on occurs when the grow�ng rad�-
cle bursts the seed coat and protrudes as a young 
root. Germ�nat�on of o�l palm seeds, for �nstance, 
normally takes more than two months us�ng the 
convent�onal method, i.e., wet heat and dry heat 
treatment. The use of chem�cals and plant growth 
regulators (PGRs) may enhance the germ�nat�on by 
breaking any dormancy artificially. Studies of ge-
net�cs and phys�ology have shown the �mportance 
of the plant hormones absc�s�c ac�d and g�bberell�ns 

�n the regulat�on of dormancy and germ�nat�on.  
More recently, the use of quant�tat�ve genet�cs and 
mutant approaches has allowed further genet�c d�s-
section of these traits and the identification of pre-
v�ously unknown components.  

EFFEcTS	oF	TEmpERATuRE

Temperature can affect germ�nat�on through at least 
three phys�olog�cal processes. 

a.   Seeds cont�nuously deter�orate and, unless ger-
m�nated, w�ll ult�mately d�e.  The rate of deter�ora-
t�on depends ma�nly on the�r mo�sture content and 
temperature.  The Q10, or rate of loss of v�ab�l�ty, �n  
seeds �ncreases from about 2 at -10oC to about 10 at 
70oC.

b.  Most seeds are �n�t�ally dormant.  Relat�vely 
dry seeds cont�nuously lose dormancy at a rate  
wh�ch �s temperature-dependent.  Hydrated seeds 
respond qu�te d�fferently: h�gh temperatures gener-
ally re�nforce the�r dormancy or may even �nduce 
�t.  Low temperatures may also �nduce dormancy �n 
some c�rcumstances, but �n many spec�es they are 
stimulatory (stratification response), especially in 
the range of -1oC to 15oC.  Small, dormant, hydrat-
ed seeds are usually also st�mulated to germ�nate 
by alternat�ng h�gh and low temperatures  wh�ch 
typ�cally �nteract strongly and pos�t�vely w�th l�ght 
(and often also w�th other factors �nclud�ng n�trate 
�ons).  

The most �mportant attr�butes of alternat�ng 
temperatures are the ampl�tude, mean temperature, 
relat�ve per�ods spent above and below the med�an 
temperature of the cycle (thermoper�od) and the 
number of cycles. 

c.  Once seeds have lost the�r dormancy, the�r rate 
of germ�nat�on (rec�procal of the t�me taken to ger-
m�nate) shows a pos�t�ve l�near relat�on between the 
base temperature (at and below wh�ch the rate �s 
zero) and opt�mum temperature (at wh�ch the rate 
�s max�mal), and a negat�ve l�near relat�on between 
the opt�mal temperature and ce�l�ng temperature 
(at and above wh�ch the rate �s aga�n zero).
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The opt�mum temperature for germ�nat�on rate 
�s typ�cally h�gher than that requ�red for max�mum 
germ�nat�on �n part�ally dormant or part�ally dete-
r�orated seeds (Roberts, 1988).    None of the sub-
cellular mechan�sms  wh�ch underl�e any of these 
temperature relat�ons are understood.  Neverthe-
less, the temperature responses can all be quant�-
fied and are fundamental to designing seed stores 
(espec�ally long-term for genet�c conservat�on), 
prescr�b�ng germ�nat�on test cond�t�ons and under-
stand�ng seed ecology (espec�ally for the control of 
weeds). 

SEED	gERminATion	in	oil	pAlm

O�l palm (Elaeis guineensis Jacq.) �s the h�ghest 
y�eld�ng o�l crop.  However, be�ng a perenn�al, 
genet�c �mprovement of �t �s t�me consum�ng.  In-
deed, compared to other annual o�l crops, such as 
soyabean and rapeseed, �mprovement �s slow and 
there has been much less progress even w�th us�ng 
genet�c eng�neer�ng. Therefore, to rema�n compet�-
t�ve, o�l palm growers and breeders need new and 
novel approaches.  O�l palm seeds also present d�f-
ficulties in terms of germination due to the problem 
of dormancy. 

 Accord�ng to Hartley (1993), the dormant per�od 
�s affected by var�ous factors such as mo�sture, l�ght 
and the concentrat�ons of gases and other substanc-
es, wh�ch can somet�mes be man�pulated to affect 
the dormancy. Attempts to �mprove o�l palm seed 
germ�nat�on us�ng growth-regulat�ng substances 
have not y�elded sat�sfactory results (Corley, 1976; 
Wan and Hor, 1983). Bewley and Black (1994) used 
chem�cals to st�mulate germ�nat�on of dormant 
seeds. Herera et al. (1998) �n Costa R�ca found that 
hydrogen cyanam�de (CH2N2) at 1.5% to 2% for 24 
hr st�mulated the germ�nat�on of DxP seeds 15 to 25 
days after the treatment, w�th germ�nat�on reach�ng 
80% w�th�n 40 to 50 days. S�m�lar results were ob-
ta�ned w�th seed �mmers�on �n 0.6% ethephon for 
48 hr. They also found sulphur�c ac�d to have no ef-
fect �n �mprov�ng the germ�nat�on rate.

EFFEcTS	oF	plAnT	gRoWTH	REgulAToRS	
(pgRs)	on	SEED	gERminATion

Wan and Hor (1983) found that soak�ng o�l palm 
seeds �n solut�ons of g�bberell�c ac�d (GA3) (250-500 
mg l�tre-1) and ethephon  (1000 and 2000 mg l�tre-1) 
pr�or to heat treatment was �neffect�ve �n break�ng 
the�r dormancy.  However, GA3 at 500 mg l�tre-1 �m-
proved seed germ�nat�on at 30, 45 and 60 days af-
ter heat treatment.  No synerg�st�c act�on and seed 
germ�nat�on was obta�ned when GA3 and ethephon 
were used �n comb�nat�on w�th k�net�n.
   

BiocHEmiSTRy	oF	gERminATing	SEEDS

The o�l palm mesocarp conta�ns a l�pase that �s ac-
t�vated at low temperature (Sambanthamurth� et 
al., 1995).  Th�s l�pase (glycerol ester hydrolase, E.C. 
3.1.1.3), �solated from dormant and germ�nat�ng 
seeds of the tenera fru�t, showed act�v�ty �n promot-
�ng extens�on of whole sprouted seeds and of var�-
ous parts stud�ed dur�ng germ�nat�on.  The l�pase 
was act�ve �n the endosperm from weeks 1-8, �n the 
plumule from weeks 4-10, �n the haustor�um from 
weeks 5-10, and �n the rad�cle from weeks 5-10 (Ab-
�gor and Ok�y, 1997).

The �nsoluble carbohydrate and l�p�d fract�ons, 
and α-D-galactos�dase, α-D-mannos�dase and �so-
c�trate lyase act�v�t�es were stud�ed �n var�ous t�s-
sues of the o�l palm (E. guineensis) kernel before and 
dur�ng germ�nat�on (Alang et al., 1988).  In unger-
m�nated kernels, �nsoluble carbohydrates and l�p-
�ds const�tuted 36% and 47% of the endosperm dry 
we�ght.  Dur�ng germ�nat�on, the th�ck endosperm 
cell walls became markedly th�nner, concurrent 
w�th a large decrease �n �nsoluble carbohydrate and 
�ncreases �n α-galactos�dase and α-mannos�dase 
act�v�ty �n both degraded and res�dual endosperm.  
The proport�on of l�p�ds �n degraded endosperm 
also �ncreased greatly.  The �nsoluble carbohydrate 
appears to be galactomannan, located �n the sec-
ondary walls of the endosperm.  No galactoman-
nan was detected �n o�l palm embryos or haustor�a.  
Isocitrate lyase was present in, and confined to, tis-
sues of the haustor�a of germ�nat�ng kernels.  The 
enzyme, �soc�trate lyase, was not act�ve �n the en-
dosperm at any stage of germ�nat�on, nor was �t ac-
t�ve �n the embryo before or at the end of �nh�b�t�on.  
Apparently, galactomannan �s the second largest 
component of o�l palm endosperm and �t �s used 
more rap�dly than l�p�ds dur�ng the early stages of 
germ�nat�on.  The fact that �soc�trate lyase act�v�ty 
is confined to the haustorium suggests that in Elaeis 
gluconeogenes�s, the convers�on of tr�glycer�des to 
carbohydrate takes place ent�rely w�th�n the cotyle-
dons of the seed (Alang et al., 1988).

Changes �n the haustor�al l�p�ds of germ�nat�ng 
o�l palm seeds were mon�tored for e�ght weeks after 
germ�nat�on. The mo�sture content decreased wh�le   
lipids increased.  The haustorial fatty acid profile 
was s�m�lar to that of  palm kernel.  Changes �n the 
fatty ac�d components after germ�nat�on were ob-
served.  The major l�p�ds present were tr�acylglyc-
erols (Khor and Oo, 1984).   In germ�nat�ng o�l palm 
(E. guineensis var DxP), an act�ve l�pase was pres-
ent �n the shoot but absent from both the kernel and 
haustor�um.  Its act�v�ty showed a pH opt�mum of 
6.2 w�th a smaller peak at pH 8.6.  The shoot l�pase 
was act�ve aga�nst a number of mono-, d�- and tr�a-
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cyglycerols, as well as aga�nst the endogenous l�p-
�ds   �n the shoot, haustor�um and kernel.  Act�v�t�es 
aga�nst related substrates were �n the order: tr�lau-
r�n > d�laur�n > monolaur�n but monopalm�t�n > d�-
palm�t�n > tr�palm�t�n.  The level of the enzyme �n 
the seedl�ng was h�ghest at a relat�vely early stage 
of growth (18-21 days). Glyoxylate bypass enzymes 
(malate synthetase and �soc�trate lyase), glutamate-
oxalacetate transam�nase, phosphoenolpyruvate 
carboxyk�nase and lauryl-CoA ox�dase, were lo-
cated �n the haustor�um.  The levels of the enzymes 
paralleled seedl�ng development and were sl�ghtly 
h�gher �n l�ght-grown seedl�ngs.  Fatty acyl-CoA 
synthetase act�v�ty was very low and found �n both 
the shoot and haustor�um (Oo and Stumpf, 1983).

molEculAR	STuDiES	oF	SEED	
gERminATion

Molecular techn�ques, espec�ally express�on stud�es 
and transcr�ptome and proteome analyses, are nov-
el tools for the analys�s of seed dormancy and ger-
m�nat�on.  These tools preferent�ally use Arabidopsis 
thaliana because of the molecular genet�c resources 
developed w�th th�s spec�es.  However, solanaceae 
and cereals also prov�de �mportant models for dor-
mancy research.  Quant�tat�ve genet�cs and mutant 
approaches have allowed progress �n the genet�c 
d�ssect�on of the regulat�on of seed dormancy and 
germ�nat�on (Koornneef et al., 2002). Seed germ�-
nat�on �s promoted by g�bberell�n (GA) �n many 
plants.  Several GA s�gnall�ng factors are known to 
�nduce the express�on of genes encod�ng enzymes 
that mob�l�ze food reserves, �nclud�ng starches, 
prote�ns and l�p�ds stored �n the endosperm dur-
�ng seed germ�nat�on.  However, these factors do 
not control seed germ�nat�on.  Two recent reports 
have �nd�cated that the regulatory genes, RGL1 and 
RGL2, both homologous to the GA-response he�ght-
regulat�ng factors, are repressors of seed germ�na-
t�on �n Arabidopsis (Ch�  and Caren, 2002).  These 
reports prov�de new clues on how GA controls seed 
germ�nat�on.  The �nduct�on of RGL2 express�on by 
�mb�b�t�on and �ts repress�on by GA are of part�cu-
lar �nterest because they �mply that RGL2 acts as an 
�ntegrator of the env�ronmental and endogenous 
cues for germ�nat�on.  In�t�at�on of seed germ�na-
t�on results from GA-med�ated upregulat�on of the 
genes  �nvolved �n mob�l�z�ng endosperm reserves 
�n the cereal aleurone (Peng and Harberd, 2002).

Plant seeds w�ll not germ�nate when �n a dor-
mant state.  A recent study by Ts�ant�s (2006) has 
uncovered two bas�c hel�x-loop-hel�x prote�ns that 
repress germ�nat�on and that are requ�red for ma�n-
ta�n�ng dormancy.  The comb�ned act�on of l�ght 
and cold synerg�st�cally allev�ates the act�v�ty of 
these repressors, thus st�mulat�ng germ�nat�on.

EFFEcTS	oF	cHEmicAlS	in	SEED	
gERminATion

Two chem�cals were �nvest�gated by Aroonrungs�-
kul et al. (2002) for break�ng seed dormancy �n lo-
cal Tha� cucumber var�et�es, ‘Puang’ and ‘Jed-Ba�’, 
w�th or w�thout fru�t �ncubat�on after harvest.  A 
0.2% KNO3 appl�cat�on broke seed dormancy and 
promoted germ�nat�on partly �n ‘Puang’ (26%) and 
effect�vely �n ‘Jed-Ba�’ (93%).  In ‘Jed-Ba�’, th�s treat-
ment also �ncreased the seed v�gor (85%), as �nd�-
cated by �ts four-day germ�nat�on, not�ceably.  On 
the other hand, exogenous g�bberell�c ac�d GA3 
treatments were less effect�ve �n break�ng seed dor-
mancy than KNO3.  Seed v�ab�l�ty was not affected 
by the chem�cals except that the h�gh concentra-
t�on of GA3 (3 x 10-4 M) had a tendency to reduce 
seed v�ab�l�ty.  Generally, seed �ncubat�on does not 
affect much of the act�v�ty of chem�cal treatments 
�n break�ng dormancy.  Potass�um n�trate �s con-
s�dered to be appl�cable �n the shallowly dormant 
‘Jed-Ba�’.

TiSSuE	culTuRE	AppRoAcH

An alternat�ve means to produce new plant�ng ma-
ter�als and to avo�d the problem of dormancy �s to 
use t�ssue culture. Var�ous stud�es have revealed the 
�mportant b�ochem�cal compos�t�ons �n the o�l palm 
t�ssues. Jones et al. (1995) analysed the cytok�n�n 
content and compared zygot�c embryos, seedl�ngs 
t�ssue cultures and regenerant plants from cell l�nes 
that produced normal and abnormal flowers. Im-
mature inflorescences at the critical stage of flower 
development d�ssected from normal and abnormal 
palms were also analysed.  H�gh performance l�q-
u�d chromatography (HPLC) and enzyme l�nked 
�mmunosorbent assay (ELISA) were used over a 
per�od of several years to measure the �sopren-
o�d cytok�n�ns.  O�l palm cultures and regenerant 
plants conta�ned relat�vely h�gh concentrat�ons of 
the 9-glucos�des of �sopentenyladen�ne and zeat�n. 
The predom�nant b�olog�cally act�ve �sopreno�d 
cytok�n�n present was zeat�n r�bos�de w�th lesser 
amounts of �sopentenyladen�ne and �sopentenyl-
adenos�ne. There was ev�dence of small amounts of 
d�hydrozeat�n compounds, but h�gher concentra-
t�ons. (ma�nly as d�hydrozeat�n-9-glucos�de) were 
found �n the haustor�um of the zygot�c embryo. The 
potent�al of �mmature embryos (IE) as a tool for o�l 
palm genet�c transformat�on stud�es was evaluated 
by Ruslan et al. (2005). 

Bertouss� et al. (2001) stud�ed the effect of ex-
ogenous absc�s�c ac�d (ABA) on des�ccat�on toler-
ance, soluble sugar contents and germ�nat�on rates 
of o�l palm somat�c embryos.  ABA was added 
dur�ng the development or germ�nat�on of the em-
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bryos.  The treatments had no effect on the embryo 
dry we�ghts or water and sucrose contents.  In con-
trast, the monosacchar�de levels decreased �n ABA-
treated embryos and raffinose was detected in em-
bryos treated after six weeks.  ABA significantly 
�mproved the embryo tolerance to rap�d des�cca-
t�on.  Embryos treated w�th 25 µM ABA exh�b�ted 
surv�val rates h�gher than that of the control.  Two-
week ABA treatment delayed shoot em�ss�on dur-
�ng embryo germ�nat�on on hormone-free med�a.  
However, embryos treated w�th 50 µM ABA d�d 
not germ�nate at all.  The ABA �n the germ�nat�on 
med�a �nh�b�ted the embryo shoot em�ss�on.  These 
results suggest that ABA plays a role �n the matura-
t�on and acqu�s�t�on of des�ccat�on tolerance by o�l 
palm somat�c embryos.

concluSion

Imb�bed seeds fa�l to germ�nate due to var�ous fac-
tors, such as excess�ve temperature, denatur�ng of 
the nucle�c ac�ds, prote�ns and membranes, tem-
peratures below freez�ng ruptur�ng the membranes 
and lack of aerat�on and l�ght. Pathogens and sa-
l�n�ty too may effect germ�nat�on. Thus, to enable 
seeds to germ�nate, one should cons�der the whole 
sequence of the germ�nat�on process. 
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