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Abstract. The growth of root., hypoeot,yI and cotyledons ~ras mea.~ured in apple seed]fixg~ 
cultured :for nitre days from embryos isolated from ~eeds af ter  variou~ periodn of Mter.ripenlng. 
Greening of the eotyh~'dons was taken into a~eount and the chlorophyll co.tenS determined as 
r, ett. 

"l~mbr-yon~] dormancy resu[t.s in anomalies ~lremiy appearing in the early stage ef develop- 
me,at. They are manifested by differentiated gceening an4 uneven gro~rt.h of ootylodons, a~ well 

by hyp~t.rophy of root. e~" hypoeot.y]. The frequency of those maomafies ir~ the papu]ation do- 
cre~es during the removal of dormancy, and therefo~'e it may be aeoepted as the cxriterir of ira 
depth. 

The mature apple seeds are h~ ~ state of deep dormancy which is removed 
by  three months cold t reatment  (stratification). Embryos  isolated from 
completely or pa-rgly dormant  seeds are able to germinate, however, t.heir 
germination is slow and results in many developmental  anomalies (F~.~.~fIo~ 
1934, 1956, NIKOaA]~VA 1967, C6~3 1970, P_~tLLAPA~ 1974). Tim best  known 
are: dwarfism of seedlings (Fr~E~I]ON 1934, t956), asymmetr ic  growth of  
cotyledons (CO.~t~ 1970, PAILLA~D 1974), perturbat ions in ~he ~ppearance 
of  photosynthet ic  apparatus (2"vlAcx~:Jv.WSKa et al. 1974) or diffcrent character 
of metabolic activitie~ (LEwAK CI al. 1975, I~,~CrtTE~ Ct at. 1970, TlSS.~O~-T ,~nd 
C6,~z~: 1975). Although those anomalies regarding completely dormant  seeds 
have been reported ii 'equently and in detail, no a t t empt  has been made  $o 
deserib~ their frequency in part ly dormant  seeds isolated before the end of 
strar 

The ability to germina.te and vhe ~emperature range in which germination 
occurs are commonly accepted as criteria of the depth of dormancy (VE(:~.s 
1964). Therefore supplementing of those criteria with morphologic data  
concerning the early development of seedlings was also the aim of the 
present, work. 

Material anti Methods 

Observations and experiments were done on ~pple (Matus domestica Bo~s, 
ev. Aatoadwk~) seedlings cultured from embryos  isolated from seeds of 1974 
and part ly t 975 collections, obtained from the Experimental  Station (ZNO8) 
a t  Kur6w. 
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The stratification was carried out at 4 ~ as described previously {L~wAs: 
e ta l .  1975). 

Embryos isolated from seeds after various periods of stratification were 
grown on Petri dishes (diameter 9 era) on paper discs moistened with 5 ml of 
distilled water. Lots of 30 embryos per dish were grown in 12 h day cycle at 
day  temperature  22 ~ and night temperature  20 ~ The total uumber of 
embryos per experimen~ varied from 90 to 48(.I. 

The following observations were made after 3, 6 and 9 d of culture of 
embryos isolated from seeds of 1974 collection: 

1) percent, age of germination; 
II)  area of greening of lower and upper cotyledons; 

I I I )  ratio between the surfaces of lower and upper cotyledons; 
IV) changes in the length of the main roots; 
V) changes in the length of hypocotyts. 

Observations I and I I  were repeated on seedlings grown from embryos of 
1975 collection. Changes in the tot, al chlorophyll level were estimated in the 
cotyledons of seedlings cultured for 9 d. 

Chlorophyll was assa, yed in the acetone extract  from homogenized coty- 
ledons according t.o S~nYK (i968), and the total amount  of chlorophyll was 
expressed in ~zg, each result being the mean from triplicates. 

The embryos with the root length exceeding 3 mm were cousidered as 
germinating. 

T h e  area of greening and the r~-~tio between surfaces of cotyledolls were 
e~'~lua.ted visually. 

The length of the main roots and hypoeotyls was measured with t mm 
accuracy, and the resulhs were submitted to statistical analysis. 

The results of observations were usually expressed as t.he pcrccnt contri- 
butions of the particular seedlings in the total sample. 

Results 
I. Gernd~:tllon o[ Isolated Embryos 

Data presented in Fig. i indi(',atc t.he aft.er-ripening of seeds from 1975 
to occur more rapidly than  tha t  of seeds collected in 1974. Therefore the 
dormancy of t975 seeds was less deep than tha t  of the 1974 ones. 
2. Clmn~les ia the Morpholopy of Cotylefioa,~ 

2.1. The area of greening and thc size of cotyledons. 
Regarding the area of greening of the cotyledons, 4 types of seedlings 

were classified among the population grown from embryos isolated after 
various periods of stratification (Fig. 2). 

Regarding the size ratio between both cotyledons 3 types of seedlings were 
classified in the population grown from embryos after various periods of 
stratification (Fig. 3). 

Data. presented in Fig. 4 iadicat.e ~he distribution of the particular types of 
seedlings in 9-d old polmlal, ion to be related t..o ~he period of seed s~ratifica~ion. 

In population cultured from dorman~ or shortIy stratified seeds, seedlings 
with incomplete greening of both cotyledons were frequent (Fig. 4A). A shift 
to,yards the occurrence of seedlings with both fully green cotyledons -.  i.e. 
normally developing seedlings -- appeared during the removal of dormancy.  
Tt~e suggestion of Jess deep dormancy of the seeds collected in 1975, men- 
tioned previously lit connection with the ability to germinate, was also 
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Fig, 1. Pe rcen tage  of  ge rmina t ion  of  
apple  emb ry o s  cul t~red  for 3, 6 and  
9 d; h~rves~ ( ) 1974, (-- ----) 
lfl~5. 
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confirmed bv the quicker complete greening of both cotyledons in the 
seedlings cult.ured from seeds collected in 1975. 

Data concerning changes in the ratio of size between lower ~nd upper 
cotyledons presented in Fig. 4B indicate the occarrence of c 1 type -- over- 
grown lower cotyledon -- decreasing during the stratification. In the 
seedlings with overgrown lower cotyledons usually only this one is green. 

The morphological differentiation of seedlings after 9 d culture of embryos 
isolated after various periods of stratification res~dt, s from gradual changes 
appearing along the culture. The trend of changes in greening and in the 
size ratio of cotyledons during the culture is the same, independently of the 
depth of embryonat dormancy. Changes during the culture of embryos 
isolated from seeds collected in 1974 and stratified for 56 d are presented as 
an example (Fig. 5). 
2.2. Chlorophyll level in cotyledons. 

I)at.a from Fig. 4A a.nd 4B implies that, the embryonal dormancy influences 
the greening of cet, yledons to a la, rger extent tha.n it does its differentiation 
in size. Therefore the obtaining of more precise data- obt,~incd by measuring 
the chlo.rophyll content in the cotyledons of all types of seedlings was 
assumed to be purposeful. 

Fig. 6 shows the amount of chlorophyll in cotyledons of 9 d old seedlings 
cultured from embryos isolated from seeds after various periods of st.rati- 
fication. The amount  of chlorophyll was assayed in cotyledons of seedlings 
t)2~e b, c and d separately. 

In seedlings with both cotyledons eomptetely green (type d) the ~moun~ of 
chlorophyll increases grad~ta.lty in the first period of stratification, reaching 
t.he maximum before all the embryos are able to germinate (Fig. 1) and pre- 
viously to complete greening of both cotyledons in all the seedlings (:Fig. 2, 
t 975). The total amount of ehlorophy|l per cotyledon in the seedlings of b 
and ~. types is much lower and does not. increase a.Iong the removal of dor- 
mancy, in contrast to the d type. The chiorophyll levei in t, he cotyledons 
is the sAlue irrcspect.ivcly of the embryos being isolated after longer periods 
of st.r~ttificat.ion. I t  may therefore be concluded that  this period of removal 
of applr seed dormancy leads to full development, of the photosynt.hetio 
apparatt~s under t.he condition of culture. 
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Fig. 2. T y t ~  o f  apple  seedl ings et)nsidering the  ar~.,a .)f g reen ing  of co ty ledons :  o. bo th  eot.yLedonr 
r e m a i n e d  whi te ;  b- g reen ing  only of t.ho lew~'T eot, yledon,  th~ uppe r  ~me rema{ngd what.e: c. g reen-  
ing  on whole surface  ~f the  b~wer cc~tyh~don and  on the  ~pieal payt ,ff the  upp~r  t ~ n e  - -  t h e  

basa l  pa r t  o f  t he  ~urfaee o f  the  uppe r  coty ledon remam~(t  white;  d. greening  on t he  ~,hole sur face  
o f  b o t h  eotyl~donz.  

Fig.  3. T y p e s  of" apple  seedl ings e~t].~h]cring t he  size ra~io be tween  bo~h eot~yledoas: a: .  b o t h  
e o t y l e d o ~  were of t he  s a m e  size; b 1. t he  low~r co ty ledon  was ll!ss t h a n  ~.wiec largq.,r t h a n  ~he 
u p p e r  one;  e 1. the  lowcr cotylcdm~ x~.~s a t  t~'asL t.wicc as large ~s tht! l~t~pcr clio, 
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3. The Changes ill {.he Morpholafly or E i n h ~ o n a l  Axis  

Investigation of the embryona.1 axis growth was limited t=o measurement  
of its hypocotyl and main root elonga~,ion. 

3.1. The growth of main roots and hypocotyls. 
The data presented in Figs. 7 and S concern tln~ eha.nges in ~verage length 

of main roots (Fig. 7) and hypocotyls (Fig. 8), in seedlings cultured for 3, 6 
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Fig. 4. The dis t r ibut ion of the t.ypes of apple 8eefllings in 9-d old popula t ion  in trial, ion to  
the period of seed *_tratifieat.ion; harves t  ( - - - - )  1974, ( - - - - - - )  1975. A - -  eun~dr the 
area of greening of  cotyledons;  a. bo th  cotyledons remained white; b, gr~,cnlng only of  the lower 
eotyledon, tht," upper  ~me remained white; e. greening o~ whole surface of  the lower cot.yledon 
and on t.be apical part. of the upper  one - -  t.hc basal paa't, of  the surface of the upper  c:.~tyledon 
remataed  white; d. greening on the whole mlrf'aeo of both  eotyhxlons;  B - -  considering t.he size 
ra t io  bet.wean both  cotyledons; a • both  eot.y]edons were of  t.he same ~ize; bk the lower eolyr,.edon 
was Icss than  twice larger t han  the upper  one; e*. the lower cotyledon was at. least twice a~ large 
&s the uptmr am;. 

and 9 d from embryos isolated after various periods of stratification. Those 
data  indicate that  since the hatf of the st, ratification period more intensive 
growth of roots and hypoeotyls is observed. The beginniug of intensive growth 
of roots forestalls that  of the hypocotyls. 

The longer' the period of stratification the greater the st.andard deviation 
in investigated samples, which implies the increasing differentiation of 
seedlings in relation to the growt.h of embryonal  axis. 

3.2. The distribut, ion of main roots aud hypoeotyl occurrence in various 
hmgth classes. 
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Fig. 5. Tht~ disttdbut.ion of ~he types  of' apple  seedl ing dur ing  t.he cull:ure o f  e m b r y o s  isola ted f rom 
seed~ eo]lect.ed in 1974 a n d  st~ratiNxt for 56 d: A - -  cons ider ing  the  It, red of g reen ing  of th(~ 
cot.yfed~ms; r btM1 co ty ledons  r e m a i n e d  white;  b. g reen ing  on ly  of the  lower eot.yledon, t he  uppe r  
one r(,main(M whit.~; c. greening  on whole surface  o f  t he  lmver co ty ledon  a n d  of t he  apieal  parl~ 
o f  the  upper  elm - -  t.he ba~al part; o f  the  surftme of th(~ t~pper co ty ledon  r e m a i n e d  whice; d. green-  
ing ,m the whole sm'faee of bo th  ootyl~dons;  jr/ __ cons ider ing  the  size ra t io  hetw<~on b~ th  
co tyh ,dons ;  ~• bot, heol ,  y ledons  were o f  the  same  ,~ize; b • bile lowc~r co ty ledon  wa~ less t.ha.n twice 
larger  t h a n  t he  upper  one;  a t, t h e  lower eogyledurt was  a t  least  twice as ]arge ~s t he  uppe r  one. 
Fig. 6. The  a m o u n t  of  ehlorophyl l  iu co ty ledons  of 9-d old srxxtling cu l t u r ed  s e m b r y o s  isela.ted 
fi'oin seeds  collected in 1975 a.fter vad~ious periods o f  s; . radficat ion:  6, c, d : ( ~ )  in eoayledens  of 
type  b. e, d seedlings,  respect ively .  ~ T he  l a s t  t e r m  of  occurrence  o f  seed] lags  a t  a g iven  type.  
~'ig. 7. Tim changes  in  aw~rage lengt.h of  m a i n  roots  in seedl ings  cu l t u r ed  for 3, 6 a n d  9-d f rom 
emlbryos isola ted f rom seeds eollect<~d in 1974 af te r  va r i oa s  periods of stra.til leation. 
Fig. ,S. "l'h~, changes  in avers.go l eng t h  of hypoeoWls  in seedl ings eulaured  s .3, 6 arid 9-d f rom 
eml) ryos  isolated f rom seeds  eullee~ed in 1974 af te r  va r ious  per iods  of st.ra.tidleation§ 

The seedlings were  classified according to the  length of main roots  and 
hypoeoty ls .  

The classification wa.s based on the assumpt ion  that. the  c'.lasses differed 
b y  5 ram; the  class of  non-growing roots (ca.. 1 ram) and t.t,e one of non-grow- 
ing hypoeo ty]s  (ca. 0.5 ram) were separated.  (tla.sses tha t  followed consisted of 
roots  be tween  1 and ,5 nim length and of hypoeo ty l s  be tween  0.5 m m  and  
.5 m m  length. 
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Owing to the  remarkable differentia.tion of main roots and hypocotyls  
occurring after 9 d embryo culture, the analysis of distr ibution of main  roots 
and hypoeotyl  occurrence ia each class was carried out on the basis of 
individual  measurements.  

The curves illustr~t.;-ng distr ibution in pa.rtieular classes of root length in 
9 d old seedlings a,s ~e[ated to the period of seed st.r~tifiea-t.ion (Ng. 9A) 
indicate the apple seed populat ion to be inhomogeneous,  eortsis'dng of 3 d/f- 
ferent  physiological groups. This is evideneed by the 3 m a x i m a  ia the 
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Fig. 9A. ])i~t.ribnt.mrl of freqmmcy of mare ~'<,~t~ oeeurrerme ffl various kmgth cia~es: (O) dorm;~rL~ 
embryos; ((])) 42 d st.z~tlfir (O) 9g d stra.tif]oa~ion. 
Fig. 9B. Di.~hribut.lon of frequency ofh3q, ocotyl ooottrrenee ill v~rious length ela,sses: {O) dormant 
emhryo.~; ( ~ )  42 d st, ral.iK,:~tion; 0 )  98 d ~tratifieation. 

curves p~vscnted tbr seedtir~gs from pa-rtly and completely stratified seeds. 
Among  ~c, edlings from dormant  seeds where the 'T '  type  distribution of roo~ 
length is apparent  the group of deepest dormartey predominates.  Along with 
increasing after-ripening the amount  of those seeds decreases and seeds in 
less deep dormaney appea.r in the population,  beginning to prevail. 

The data. presented in Fig. 9B indicate tha t  1.he distribution of hypoeotyl  
oeeu.rrenee changes from that. of the "i" type towards t-he normal o n e  a f t e r  
complete, stra.~ifieation. According to the distribution the populat ion can be 
divided into 2 physiological groups: fully dormant  seeds and the various 
extents  of r~on-dormatlt seeds. 

D i s c u s s i o n  

The comparison of da.to~ eoneermng va.rions morphologir~l elements of 
young  .~ccdlings e~ltured from apple embryos isolated from seeds a[ter 
various periods of stratification implies t, hat Mong with the after-ripening 
the  populat ion becomes more and more homogeneous. That  could be traced 
f rom the distribution of several features similar to the normal one and the  
decreased number  of seedlings with remarkable del'ormities, 
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The cha, ngcs of some morphological elcments converge with the changes of  
germination ability. Similarly to the latt.cr full greening and t.he chlorophyi1 
level change, t.oo. 

Data concerning the main roots ~?md hypocotyl lcngt, l~ are not t.o t.ha.t. 
extent  unequivocal. Even in this ease the relation between the depth o f  
dormancy and the speed of roots and hypocotyls growth is evidenced. 

Theret~0re some chara.ctcristie t~.gtures of seedling development should be 
taken into account, such as the embrvonie dormancy criterion along with the 
ability to germinate. Cotyledon mori)hology is a convenient one; t.he growth 
of embryotlal axis is a valid one but t.eehnieally difficult to realize. 

The results roger.her with data presented by C6ME (1970), FLSMIO~ (] 934,. 
1956), NIKOL,tlgVA (1965'), X~AILLAI~D (1974) and other authors justify de- 
t:ermination of the features chara.cteristie of abnormal development, of apple. 
seedlings due to incomplete removal of dormancy. Those features are 1.race- 
able in the early period of culture and are therefore Mready releva.nt.. Ab- 
normal development may be at tr ibuted to all the seedlings the cotyledons 
of which present remarkable differences both regarding the suN'ace and the 
area. of greening. Deformed seedlings can be obtained only by culture o f  
isolated embryos. 

Three stages of seed after-ripening were distinguished according to t.he 
ability to germinate and to the ehanges in hormonal equilibrium and in some 
metabolic activities (L~:WAK et el. I975). The obtained results allow some of 
the investigated morphological features to be divided into these 3 st,ages. 
Both the observation of cotyledons greening and data concerning the total  
chlorophyll content indicate that. the previously described inhibition in the. 
photosynthetic apparatus formation occurs in the first, stage of after-ripening. 
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