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Terms into leucoembryophytes and
mbryophytes on the basis of this feature.
Chlorophyll bearing property of embryos They found that all the families belonging t o
in Angiosperms or its absence is of particular Leguminosae were characterized by the green
interest because it is not only an embryological embroys. They considered the embryo as
but also physiological phenomenon since it chlorophyll bearing, independent of the fact as
may be intimately related to certain peculiarities to which of the embryo organ contained the
of plant metabolism which are yet to be eluci- pigments and whether the pigments were
dated. This review is concerned with critical preserved or not upon seed maturation and
appraisal of current literature on the physiolo- dehydration. Kachru & Krishnan
(1979)
gical studies of chloroembryos. The earher reported the occurrence of green embryos in
review by Yakovlev & Zhukova (1980) was on the mature seeds of Dendruphtfioe falcafa, a
the occurrence
and
ultrastructure
of Loranthaceae member. The recent review of
chloroenibryos.
Yakovlev & Zhukova (1980) reports the occurrence of chlorophyll in embryos from 428
OCCURRENCE O F CHLOROEMBRYOS
species of Angiosperms belonging to 224
genera
and 72 families. out of which 1094
Chlorophyll bearing embryos are widely
species,
666 genera and 182 families were
distributed in Angiosperms. The occurrence
of green pigments in embryos as well as in invesiigated. Dahlgren (1980) had reported a
endosperm and seed coat of certain flowering clear tendency of chloroembryos to occur in
plants had already been reported in the middle non-endospermous seeds besides pointing out
of last century (Hofmeister, 1858; Flahault, some cases, where they lacked chloroembryos.
1879; Lubbock, 1892). The occurrence of However, Kaladharan (1988) observed endosgreen embroys in the families like Anacardia- permous seeds to have maximum amount of
ceae, Celastraceae, Convolvnlaceae, Cruciferae, cblorophyllr rhan the non-endospermous seeds
Geraniaceae, Papilionaceae, Plumbaginaceae, among 45 species of chloroembryophytes and
Polemoniaceae, Staphyleaceae and Tiliaceae also observed the tendency of embryos of
'"bas been reported by Lubbock (1892); Arachis hypogueo to bec--a
developing
fruits
were
bi
Aceraceae. Aponogetonaceae, Araceae, Basellaceae, Basellaceae, Burseraceae, Capparidaceae,
FORMATION O F
Euphorbiaceae, and Scrophulariaceae by
PIGME
Netolitzky (1926); Apocynaceae, Aroideae,
The chloroplast pig
Celastraceae, Malvaceae, Meliaceae, Myrtaceae,
Legnminosae and Rutaceae by Lubimenko the green embryos of A
(1906) and Monteverde & Lubimenko (1909). reported by a nuniber of
Yakorlev & Zhukova (1975) made a detailed & Vivekanandan. 1983; ralannaruy o: vlvcnastudy on the occurrence of green embryos in nandan. 1985; Periasamy & Vivekanandan,
flowering plants and advocated the division of 1981; Ryczkowski & Szewczyk, 1973; Szewczyk

Chloroembyos in Angiosperms
1977; Y a k o d e v & Zhukova,
1973; Zhukova 1963, 1965, 1967. 1972).
Ryczkowski & Szewczyk (1973) reported that
in Ha?manlhus karhmrianne the content of
chlorophylls a and h in 52-102 days old
embryos increased concomitantly with the
crowth of the embryo. whereas in 102-118 days
old embryos there was no correlation between
the content of chlorophylls and the growth of
the embryo, and the cl~lorophyll content in
these embryos decreased during this period. In
the embryos older than I I8 days, chlorophyll
content again increased and the chlorophyll a / b
ratio during embryo development was incunsistent showing ups and downs. Szewczyk &
Ryczkowski (1977) found in Lub~rrrrur~tariapjroidt,.~and Carrigona sp. that chlnrophyll content per embryo increased concomitantly with
the growth upto a certain stage and then
dropped, whereas in Lunaria a m u a chlorophylls
increased irregularly during developn~entof
the embryo.
& Ryczkowski.

Periasamy & Vivekanandan (1981) opined
that biosynthesis of chlorophyll in the embryos
o f C s a n ~ o p s it. o~ r a p n o l o h a was dark mediated
a n d the content of chlorophyll increased during
embryo development and declined when the
fruit and seeds started drying. They also
observed thitt although chlornphyll in these
embryos might be synthesized by a direrent
pathway (non-photosensitized enzymic reduction of protochlorophyllide), they were found
t o be photosynthetic:~lly active similar t o
those of leaf pigments. However, Kaladharan
& Vivekanandan (1983) reported with experimental evidence that chlorophyll bisoynthesis
in the embryos of Cyarnopsi~ lelra,wnoloho
was light dependent. Chloroemhryos of this
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species were found to have maximum chlorophyll content during 16-18 DAA (days after
anthesir) and then gr:~dually declined (Knladharan. 1988).
ULTRASTRUCTURAL S T U D I E S
The ultrastructure of plastids in green
embryos has been studied h!~ Orsenigo (1964).
Rezen-de-Pinto (1964), Rain & Mercer (1966),
Zhukova & Yakovlev (lY66), Klein & Pollock
(1968).Opik (1968j.M;lrin & Denglcr (l771),Zhukova(1972,1975), Pinfield et d. (1973),and Ynkovlev & Z h u k o w (1973). These studies have
shown that in reality they are cl~loroplasts,despitc
a number of features distinguishing them from
mesophyll chloroplasts. The most conspicuous
ditlerence is the irregular? an~oeboid form of
the embryo chloroplasts. The numerous invaginations and evaginations enlarge the outer
surface. The inner envelope membranes are
also invaginated (Zhukova, 19'2, 1975). The
embryo chloroplasts diner considerably between different taxa. Variation are seen in all
the structural elements viz.. large peristonis,
evaginations free from the nienihrane systems
and in the si7.e and contents of the vesicles
(Zhukova, 1975). Sharnia (1977) described
the plastid ditlerentiation i n the developing
embryo o f Cap.rrlla hur.m pn.vori.r ;IS well as
structural changes in chloroplast irduced by
light and dark. Octant and globular stages of
enibr]os possessed relatively undifferentiated
plartids. Chloroplasts in the torpedo-shaped
embryos showed little lanlellar ditferentiation
but lacked grana formation, tvllereas in mature
green embroys the chloroplasts became fully
ditl'erentiated with varying nnniber of well
developed grana. Treatment in continuous
illumination with white light of low intensity
completed the transformation of etioplast into

6

chloroplast. The quiescent chloroembroys of
clementine (Citrus nobilis x Cirrrrs aurantium
arnara pu~nila) showed bifacial orientation
(Casadoro & Rascio, 1987). They also reported
fhat the plastids of the outer adaxial layer and
inner regions develop diflerently. It is reported
that in light the plastids of the outer adaxial
layer differentiate into photosynthetically active
thylakoid system with an ultrastructural organization and a polypeptide composition resembling that of leaf chloroplasts. The 'inner'
chloroplasts maintain an organisation reminescent of the quiescent embryo and never get
beyond photosynthesis/respiration compensation point. They suggested that the above
differentiation is not strictly photodependent.
DARK SYNTHESIS O F CHLOROPHYLL

I

I

The pattern of chlorophyll synthesis in
leaves parallels the differentiation of proplastids
into functional chloroplasts in light. However,
Kirk & Tilney - Basset (1967) . reported that
several members of gymnosperms, ferns,
mosses and algae were able to synthesise
chlorophyll in dark. Dark synthesis of chlorophyll was observed in the primitive species of
Metasequuia glyptnsrrohoides' (Laudi & Manzini, 1975). Bogdanovic (1973) stated . that
biosynthesis of chlorophyll in pine cotyledons
in dark was purely an enzymatic process.
Schmidt (1924) found that the excised embryos
of Pinus and Picea synthesized chlorophyll in
dark, only when they were in contact with
living megagametophytic tissue.
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diana (Adamson & Hiller, 1981). wheat (Seybold. 1948), oat seedlings (Goodwin & Owens,
1947) and Citrus cotyledons and water lotus
seedlings (Meyer et a]., 1960) synthesized
chlorophyll in dark. Granick (1967) observed
dark-chlorophyll formation in Chlorella,
Scenedesmus and certain inner tissues of tomato
fruit. Meistcr (1985) reported fhat chlorophyll
present in dark-germinated cotyledons of
Teiragonolobus purpurens was obviously carried
over by the seed and therefore, is considered
to be formed by light prior to germination.
Hoa,ever, the leaves and cotyledons of seedlings raised from artificial y etiolated seeds of
I)olichos lablab developed chlorophylls a and b
and carctenoids in significant amounts which
were synthesized de novo and that cloroplast
pigments were not carried over from rhe seeds
(Palanisarny & Vivekanandan, 1987). Shading
the fruits of Cyornopsis tetragonoloha with
light proof black polythene sheet blocked
chlorophyll formation and resulted in etiolation
of green embroys and fruit walls and such
seeds upon germination in light showtd 70%
reduction of total chlorophyll on de noLo
synthesis in the primary leaves (Kaladharan,
1988).
EFFECT O F AMlTROLE
(3-AMINO-1, 2, 4, -TRIAZOLE)
ON CIILOROPLAST DEVELOPMENT

Aminotriazole (amitrole), a herbicide and
a potent inhibitor of chloroplast development
inhibited chlorophyll formation in light-grown
It is generally accepted that angiosperms plants (Rartels & Weier, 1969; Rudiger &
do not make chlorophyll in dark, although Benz, 1979). Vivekanandan & Gnanam,
certain plants like. Tradesca~rtia albiflora (1975, a, h, c,) pointed out t h e importance of
(Adamson et al., 1980) Trarlescuntia blosr~fel- light in arrlitr le- induction of chlorosis with-

out any morphogenetic effect in Conno erltrlis.
Therefore, aqueous aminotriazole is beinp
employed to find out whether chloropyll
formation is by the normal light dependent
pathway (Periasam~ & Vwekanandan. 1981:
Palanisamy &Vivckanandan, 1985; Kaladharan,
1988; Padmanabhan & Regupathy, 1977).
Spray of aminotriazole on developing
fruits of Cyamopsis rerragonolob~ caused
bleaching of fruit wall, while the chloroplast
pigments in the embroys of the same fruit
were not affected (Periasamy & Vivekanandan.
1981). Padmanabhan & Regupathy (1977)
investigated that in Croraluria jtrncea, amitrole
caused chlorosis of fruit wall and seed coat
but did not interfere with embryo chlorophyll.
They also pointed out that he isolated embryos
grown on agzr medium containing amitrole
were suscept~bl: to bleaching. Palanisamy &
Vivekanandan (1985) reported that aminotriazole spray caused chlorosin of not only fruit
wall and leaf but also green embryos of
Dolichos lablab.
However, in Cyarnopsis
ierragonoloba amitrole's failure t o cause
bleaching of embryos may be due to the thick
endosperm covering, the embryo allowing
little or n o amitrole to pass through (Kaladharan, 1988). This is furtber supported by
the finding of Padmanabhan & Regupathy
(1977) that amitrole caused bleaching of
embryo chlorophyll only when the embryos
were isolated and directly grown on agar
medium. In Dolichos lablab. there is no
endosperm layer surrounding the embryo.
EFFECT O F RED AND BLUE
RADIATIONS
Phytochrome is well known to initiate

and control chloroplast for~;iatiouand synthesis o f many thylakoid compoi~e~.rs
(Lichtenthak r & Buschmann, 1978; Kasemir, 1979). Red
light was found effective in arresting loss of
chlorophyll, protein, total soluble sugars and
reducing sugars in excised rice leaves (Sen et al..
1984). Blue light was found to be more effective than red in accelerating chlorophyll accumulation in Esglrna gracilis and Scenedesmus
ob1iqquu.r (Senget& Bishop. 1972: Oh-Hama &
Senger, 1975; Humbeck et al., 19841, C'hlorella
vulgaris (Kowallik & Schurmann, 19841, and
Sinopis alba (Wild & Holzapfel, 1980). Blue
light is found to be necessary not only for the
synthesis of chlorophyll but also for the devclopment of chloroplast as a whole (Sundqvist
el al.. 1980). Effect of blue light in increasing
electron transport capacity (Appleman &
Pyfrom, 1955) and size of chloroplasts (Mohr,
1956) are well established in literature. However, information on chl6rocmbryos is rather
scanty. Red radiation enhanced the levels of
chloroplast pigmentc in green embryos of
Dolichos lablab (Palanisamy & Vivekanandan,
1985), and in the greening embryos of CJ'amopsis tetragonoloba (Kaladharan, 1988).

EFFECT OF LIGHT INTENSITY O N
CHLOROPLAST DEVELOPMENT
The morphological development of
plants, leaves and of chloroplast largely
depends on the light intensity in which they
are grown (Boardman el a]., 1974; Lichtenthaler, 1979, 1981). Quality and percentage of
radiint energy reaching palisade and spongy
chloroplasts of biracial leaves were measured
by Terashima & Saeki (1983) and Kulandaivelu et al. (1983) and found that these chloro-
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plasts of the same lzaf,rceive different quality was t c o low a s compared to the embryo. They
and intensity of sunlight. Palisade chlcroplarts also pointed out that the activity of R u B P
areadjusted to high light intcnsity and of c..rboxyla:e in these embryos was nine times
spongy chloroplasts to low light intensity highcr than PEP carboxylase. Kachru & Kri(Terashima & Tnoue, 1984). Analogous t o shnan (1979) have measured in the extracts of
these reports, chloroplasts of chlopernbryos green embryos of Dcndrophrhoc falcato, active
might also adjugt to their in situ light environ- enzymes of photorespiration such as phosphoment as these green embryos reside deep inside glycolate ,phosphat;tse, 3 phosphoglycrrate
the fruit being covered by fruit wall, seed coat phcsphatase and NADH linked glyoxylate
and sometimes by endosperm. Percentage of reductase. Holc & Scott (1981) by shading
sunlight passing through fruit wall arid seed the fruits of Pistrrn sarivum found that shading
coat and finally reaching the embryos o r pea fruits reduced its growth and yield (dry
Doliclios iahloh (Palanisamy & Vivekunandan, weight) and also opined that prevention of
1986a) a n d that of ficmopsis rerragonoloba fruit wall photosynthesis leads to reduction in
(Kaladharan. 1988) has been determined using y i~:Id. However. no special mention was made
quantum photometer. It is reported that a t,out the green cmbryos and their photosynmedium to low light intensity (4-6 t o 0.33 th esis. Pnlauisamy & Vivekanandan (1986b)
*...
.. . . ~ , ~, . ~ ~ . ~ ~ . L ~ . :
Wm-') favours synthesis of maximum ohloro- measurea m e H I I Ia c t w r y a n a pnolosynrrlerK
plast pigments (Grumbach & Lichtenthaler, CO, uptake in green embryos of Dolichos lnblab
Lichtcnthaler et al., 1982).
and reported that photosystems I & l l are
functional and respiratory Elte in young
PHOTOSYN
embryos was twice as high as photosynthetic
Developing chloroembryos of Haetnunrhtu riite. Singh (1988) observed higher activity of
karh~~riwre(Ryczkowski & Szewczyk. 1973). PEP Case than RUBP Case in pod wall and
Eramhe farai fca (Szewczyk, 19741, Laburnum seed and seed coa! o f chickpea and opined
unag?roides &
Lunaria
annua (Rycz- that these fruiting structures utilized PEP Case
kowski & Sztwczyk,
1975) and Dolichos for recapturing the r e s p i r ~ dCOI. K h a n n a . &
&
Vivekanandan,
lahlab
(Palanisamy
Bansal (1988) reported that C O , release from
1986b) have been reported t o photosynthesize the intact pod, pod wall and seed increased, a s
hr vilru. Photosynthetic rate in young embryos seed developed and dark respiratiou rates were
was higher than the older ones on fresh weight higher than in light. Ka1adh~v.n
*
I.,YY,
(IQQQ)
basis (Szewcz~k. 1974; Ryczkowski
& studied the possible role of chlorl,phpll in in
Szewczyk, 1975). Periasamy & Vivekanandan vivo photosynthesis of chlorolernbryos o f
(1981) reported that in the embryos of c y a niopsis tetrugoitoloba
"C :o fixation,
-....----A*
-..A
.phurubrurosuti
." ... L-.:Cyamopsis rerragnnoloha apparent photosyn- f l ~ ~ r c s t i c ~I---~
~ Cl ~i c
> U I C I I I C I I auu
IS
thesis aud respiration increascd during embryo CO, uptake and thus considered the chlnroerndevelopment a n d that of fruit and fruit wall hryos as partly autotrophs.

.

.

.....

-.--a-m.

-.

Chloroernbrgor in Anglosparms

BASIC BIOCHEMICAL CONSTITUENTS
D U R l N G S E E D DEVELOPMENT
Singh et al. (1981 ) observed that in the
developing seeds o f ' chickpea cultivars, the
content of soluble sugars, starch, proteinnitrogen and salt soluble proteins gradually
increased upto 35 days after flowering and
then stablized till maturity, whereas the accumulation of seed protein-amino acids was
irregular. They pointed out that most of the
biochemical activity apparently occurred
between 14-28 days after flowering. Similarly,
Palanisamy & Vivekanandan (1986a) found
that in the embryos of Dolichos lablab soluble
pr, teins, total soluble sugars and soluble starch
increased, while free amino acids decreased
during developmerit bet*een 10-21 DAA.
Starch content increashd till maturity, while
total soluble sugars increased upto 12 DAA in
the seeds of Phe~.eolus vul,yaris (Bhambri &
Malik, 1982). Kaladharan (1988) investigated
the efict of presence or absence of chlorophyll
in the embryos o n t h e levels of accumulation
of basic biochemical constituents and minerals
ddring seed development
in the chloroembryos
,
,
of C ~ u n ~ o p s i s refrugonolobo. About 50%
r e d u ~ t i o nin the'levels. o f , basic bioctiemical
constutents was observed except total free,
amino acids when chloroembryos were made
etiolated during the peak p o d filling sta'ge
(16-28 DAA).
CONCLUDING REMARKS

fruit wall, seed coat, etc. However, occurrence
of green pigments in the embryos of fruits
having hard and stony fruit wall such as
Samadera indica and S p o n d a s pinnafa, .where
there is little or no possibility: of light reaching
the embryos a s well as disappearance of green
colour from the embryos upon sbad,ing. of the
fruits is still an enigma.
. ,
Because o f sufficient radiilm energy
reaching the embryos and proper concentration
of CO, inside the fruit, it is like13 that the
chloroembryos can photosynthesizt m viva.
Employing micro oxygen electrode without
injuring the embryo o n e might confirm the in
viva photosynthe;is of chloroembryos. Poor
development of the embryos with considerable.
reduction in the levels of storage products is
observed even when the embryos are still
attached t o the plant but prevented from
su ~ h (made
t
etiolated) by masking, indicates
possible autotrophic nature of chloroembryos
and might open up new vistas in the field of
physiology of seed development and m a n i pulation of seed, . quality f o r further
irnprovemect.
~
a
REFERENCE

PDAMSON,
H. and HILLER,R H. 1981:

Chlorophyll synthesis in the dark iinangiosperms. In: Photosj~nrhesis, G . V; (ed.)
Akoyunoglou.
Balaban Internationa)
Science Services, Philadelphia,. pp.!213221.
,'
.'.
,
1

,

From the perllsal of literature, formation
o f chloroplast pigments in developing embryos
of ~ h l o r o e m b r y o p h ~ t eiss obviously dependeni
on transmitted
light i:of low intensity .through
,
.

,

,

I

,

,

ADAMSON,H.Y., HILLERR.G. and VMR: M.
19tO: Chloroplast d&opment and the
synthesis of ehlorophyl-l a.and b a a d
chlorophyll portein complex& 1 h d - 1 1 ' .

,

Indian Rev. Sci. 9, I989

in the dark in Tradrrcarrria olbipora
(Kunth). P l u ~ ~ 150:
t o 269-274.
APPLEMAN,
D. and PYFROM.H.T. 1955. Changes in catalase activity and other responsej. induced in plants by red and blue
light. Platrr Phy,M. 30: 543-549.
BAIN,J.M. and MFRCER.F.V. 1966. Subscellular organi~ationof the developing colyledons of Pisum sarisum L. Aust. J. Bia?.
Sci. 19: 49-67.
BARTEIS.P.G. and WFIER.T.E. 1969. The
effect of 3 amino-], 2. 4 - triazole on
the ultrastructure of plastids of Triricunt
l'ul~areseedlings Amrr. 1. Bor. 56: 1-7.

-

FLAHAULT,M.Ch. 1879. Sur la presence de
la materiera vcrte dans les organes
actuellement souctraits a1. influence dc la
lumiera. BIIII Szc. Bor. France 26: 249255.
GOODWIN.R H. and OWENS, O.V.H. 1947.
The formation of chlorophyll a in ctiolated oat seedlings. Plant Physioi. 22:
197-200.
GRANICK,
S. 1967. The heme and chlorophyll
biosynthetic chain. In: Biocltemisrry of
Chlorop/a.~rs,T.W. Goodwin, (ed.) Vol. 2.
Academic Press, New York. pp. 373-410.
G R U M ~ A CK.H.
H , and LICHTENTHALFR.
H.K.
1982. Chloroplast pigments and their
biosynthesis in relation to light intensity.
Photochem. Pkotnhiol. 35: 209-212.

BIIAMPRI,
N. and MAI.IK. C.P. 1982. Biochemical changes in developing seeds and
pods of Phase,~lrr.~i~elgorir. PIonr Physiol & Ri .clrem. 9: 1-13.
W. 1858 Neuerc Beobachtungen
HOFMEISTER.
BOARDMAN,
uber embryobildung der Phaneorogamen.
N.K BJORKMAN.
O., ANDERSON,
J.M. G o o n c ~ t t . ~D.J.
,
and THORNE,
Jb. Ii'iss. Bol. 1: 82-186.
S W . 1974. Photosynthetic adaptation HOLE,C.C. and SCOTT,P A . 1981. The effect
of higher plants to light intens~ty: Relaof fruit shading on yield in Pisum carivum
tionship between chloroplast structure,
L. Ann. Bor 48: 827-835.
composition of the photosystems and
R , and SFNGER,H.
HUhmKK, K..SCHYMANN,
photosynthetic rates. In: Proceeding of
1984. The influence of blue light on the
3rd International Congress on Photoformation of chlorophyll-protein compsynthesis. Val. 111, pp. 1809-1827.
lexes in Scenedrsmus. In: Blue l i g h ~
BOGDANOVIC.
M . 1973. Chlorophyll formation
qfecrs in Binlrmgical rystems, H . Scnper.
in the dark I. Chlorophyll in pine seed(ed.) Springer Verlag Berlin(Heide1berg)
lings. Physiol. Plant. :9: 17-18.
pp.359-365.
CASADORO.
G. and R ~ s r l o .N . 1987. CotyKACHRU. D.N. and KRIFHNAN,
P.S. 1979.
ledonal chloroplasts in the hypogeal seeds
Chlorophyll
and
enzymes
of
photorespiof clemenlinc. Plunta 170: 300.307.
ration in Dendropthne falcara seeds.
R 1980. The taxonomic signiDAHLGREN.
Plant
Sri Lett. 16: 165-170.
ficance of chlorophyllous embryos in
P. 1988. Studies on embryo
angiosperm seeds. Bur. Nutiser 133: 337- KALADHARAN,
greening
in the developing seeds of
341.

.

C ~ a n t o p s i srerragonoloba (L.) Taub. Ph.D.
Thesis, Bharathidasan University, Tiruchirapalli, India.
-

.

and VIVEKANANDAN,
M, 1983.

Chloro-

phyll bio synthesis in chloroembryos of
angiosperms. In: 3rd Congress of the
Federation of Asian and Oceanian
Biochemists. Bangkok, Thailand.
KASEMIR.H. 1979. Control of chloroplast
formation by light. Cell B i d . Inr. Rrp.
3: 197-214.

LAlJnl, G.and M A N Z I N I M.L.
,
1975. Chlorophyll content and plastid ultrastructure
in leaflets of Meta~equoin g l y p t o ~ t r o b o i dcs. Protoplasma 84 : 185-190.
LICHTENTHALFR,
H.K. 1979. E r e c t of biocides
on the development of the photosynthetic
apparatus of radish seedlings grown
under strong and weak light conditions.
Z. Narlrrforsch. 34c: 936-940.

-.

plasts to high quanta fluence rates. In:
Phorosynthr~iv. V I . Phoro.rj8nrhrsis and
Prodlrctivrrj, Photosj.nt11e.ris and Enl'irultnlenl. G . Akoyunglou. (ed.). Balaban
International Science Services, Philadelphia. p p . 273-287.

KHANNA,
R.C. and BANSAL,K.C. 1988. D O
chickpea pods assimilate CO,? In: IndoU S workshop on Application
of
Molezular Biology in Bioenergetics of
Photosynthesis, 68. New Delhi, India.
K I R K ,J.T.O., and Tilney-Basset, R A.E. 1967.
The Plartids. W.H. Freeman. London.
KLEIN.S , and POLLOCK,B M. 1968. Cell fine
structure of developing lima bean seeds
related to seed desiccation. Amer. J .
Bat. 55 : 658672.
I K , W. and SCHURMANN,
R. 1984.
lorohyll a! chlorophyll b ratio of
lorella ~,u/garisin blue o r red light.
: Blue Iixhr eflecfs in Biological
:rmls, H . S-nger, (ed.) Springer,lag, Berlin. Heidelberg. pp. 351.358.

1981. Adaptation of leaves and chloro-

-.

a n d BUCCHMANN,C. 1978.

Control of

chloroplast development by red l ~ g h t blue
.
light and phytohormones. I n : Chloroplosr
Deseloprnenr. G . Acounoglou & J.H.
Argvroudi-Akoyunglou, (eds.). Flseeler
North-Holland Biomedical Press, Amsterdam, pp. 801-816.

-., KHUN, G.,

PRENZEL, U., BUSCHMANN,

C. and M E I E RD.
, 1982. Adaptation of
chloroplast ultrastructure and chlorophyll
-protein levels to high 11ght and low
light growth conditions. Z.Narrrrforsch.,
37 c: 464-475.

G., NOORUDEEN. A.M.,
LunRocK, F . A . 1892. Cnnrrihlrrions to our
I ~ P A T H ,P.S., P E R I A N ASN, a n d RAMAN,
l & 2.
Knowltzdge oJ S e e d l i n ~ ~Vols.
.
1983. Assessment of the photosynLondon.
~ u e t i c electron transport properties o f
upper and lower leaf sides in vivo by LURIMFNKO.
W. 1906. Etude spectroscopique
fluorometric method. Ph~tosynrherica
des pigments verts des graines mures. c.r.
17 : 204 209.
hehd. Senrc Acod. Sci. Paris, 38 : 560.
I\IVCI.U.

12

Indian Rev. Life Sci. 9.. 1989

MARIN,L. and DENGLER,
R.E. 1972. Granal, PADMA~ABUAN;D;.
and RFOUPATHY,
D 1977.
plastids in the , cotyledons'. of the dry
Effect of aminotriazdte on seed developembryo, of Kochia childsii. Can. 1. Bot.
ment in ' ~ r o t d l u r i u'Juncea Linn. In:
- . 5 ~ : ~ ~ 4 ~ $ o '~j :+. . .,
Advances in P l a ~ Reproductive
t
Physiology,
.
.
C.P. Maliki > ( e, d, .. ) , Kalyani Publishers,
M~S~A
R , 19b;
.
'Can chlorbphyll b e . syn.&". ~ e i India.:?~.
s.:,
..
254 261.
thesized in .the dark in , angiospermae?
Phu~osynthetica19,: 586.587.
PA.LA~IS&Y., K,,,
and V I V E K A N A N ~ AMN ,
EYE^; B.s.,, XNDERSON,.D?B;
BOHNING,
'1985.; Formation ofchloroplast pigments
'
~ . ~ . ' 1 ~ 6 ~0 .,; , p ~ d ~ plan,:
~ ~ i physi.
b ~ ~ t ~.
in chlorocrnbryo of ~ 0 1 i ~ h olablob
.f
L.
Photosynthetica
19:
172:
1.76.
tan Cornpang, New
,
.
.:>
, "b
and-. 1986a. Pbysiological and hiochemical studies in the
.and etiolated
. . .,
-loblab L. Comp.
&qbrybi 'df. , &liehqs
.
. ~t+d.
, & EFI.
.. . 11:. .42-46.
- and
i
-. 1986b.
, ,.
~botosyntheticfukctions
;
-andinduction pf:etiolstion i n cbloroA . ~ ~ ~ L U P I M E W.
N K1909.
O,
.
L. J. Plonr
embryos of Dolichos Iablab
kpigment of the inside seed
z Physiol. -123:'359.399.'
chlorophyll. I z
add
1'987. b e nbvo synthesis of i
chloraphyll
..
in the'
seedlings
der ~
~ .... ~of. Dolidtos
i
lublab
~
L.~ Photoiynthetira
.
*'.
97.9,7;
' i.
. .a

-.

1

I

'

I

'

~

g

.

.

&.

b

75.

The

s of S-amino,

.-

395.405.

'.

'

1964. M~dificazioni sui cotiledoni di d i h s nobilis ,X :C. ouranlium
amara pumilae sull endosperma ' di
Ricinus,, jotnmunik Giorn; Bor. Itol. 71:
. .
.
43.561
.

-.

I

-.

ahd
1981. 'Phormy&sis
in the
chloroembryo of Cyamopsii tetragonolnhn
Taub,, Ann: Bor. 47: 793.797.

PIRPIELD,N.J.,: STUBART;, A.K.:'. C~AWFORD,
R.M. and. .BECKETT,'
A. 1973. Carbon
a~similati~n
.by scycamoie cotylcdq
.
du$ng.qady. seedlings d&lopmcnt.
Exp. B& 24: 1203 1207.
. , . ,.
REZE,N.D!+~INTO,
* Mc. de. 1964.
On the
. .
met~mor~hosis
of cotyl;don , plastids of;
~:hpseolusmuhiporus .wild. Portug. Acra
Bioli A8: '1 77- 185.

I

RLI~I~UER;
W. and BEN,, J . 1979. Influence of
aminotriazol on the biosynthesis
, .
of

13

Chlnrocmhryos in Angiasixrmr

chlorophyll and phytol. 2. Natrrrforsclr.
34c: 1055- 1057.

Bioenergetics of
New Delhi, India.

Photosynthesis, 65.

Ruczowsrcc, M and SZEWEZYK,E. 1973. Slh'(iH, U . . J A ~ ~ B U N A T H
R.Aand
N . SAXENA,N.P.
Photosynthesis in the developing embryo
1981. Changes in carbohydrates, amino
of Haerrratrrhrr.~kotharinae Bak. (monoacids and proteins in developing seeds of
cotyledonous plant). Bull Acad. Pol,~rr
chickpea. Ph1,tdhetrri.rtr~20: 373.378.
Sci. Ser. Sri. Biol. 21:. 695 699.
H.I.
SUNDQVIST,
C., BJORN,L.O. and VIRGIN,
' .
and-. 1975 Further research on the
1980. Factors in chloroplast differentiaphotosynthesis in the green developing
tion. In: Results und Prr~hlemsin C r l l
D;./%errnfia/ion: Chloroplasrs. .I.Reinert.
ied.) \'ol
10. Springer-Verlag. Berlin,
Heidelberg,
pp.
701 -224.
ophyll-

-

Irch. 5:

. 1984.
lemical
:scence
~lysiol.

.

The
:tion in
nts of
:hloroproto8.

Plant Reprod~rcriae PIrysiolog~, C.P.
Malik, ied ) Kalyani Publishers, New
Delhi, India, pp. 238-246.

SINGH.R. 1988. COr fixation by PEP carbuxylase in pod-wills o f chickpea (Cicer
orietinwn L.) In: Indo-US Workshop on
Applications of Molecular Biology in

SZEWCZYK.
E. 1974. Photosynthesis in the
developing embryn of Crarrrhr rutarica
Pall.
(Dictoyledonous plants).
Btrll.
Acad. Polon. Sci., Ser. Sci. B i d . 22: 5357.
-,

.
and R u c z ~ o w s ~ rM.
1977. Changes
in chlorophyll content in the developing
embryo (dicotyledonous plants). Bull.
Acad. Polon. Sci., Ser. Sci. Biol. 25:
679-683.

TERASHIMA,
1. and S A K ~ T.
~ , !983. Lightenvironment within a leaf I. Optical
properties of paradermal sections of
Con~ellialeaves with special reference to
differences in the optical groperties of
palisade and spongy tissue. Plant CeN
PI~j~siol.
24: 1493-1501.
and
INOUE, Y.
1984.
Comparative photosynthetic properties of
palisade tissue chloroplasls and spongy
tissue chloroplasts of Camellia japanica
L. Functional adjustment of the photosynthetic apparatus t o light environment
within a leaf. Plant Cell PIzysiol. 25:
555.563.

