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SUMllARY 

Chlorophylls a and b were identified and dctermined: in embryos of Pi11t1s ti11t1• 
sceds, stratífied for 60 days at 4 °C on \•ermiculite moistened with water; in seed 
stratifíed put to germina te into a Jacobsen's chamber, for 2; 8 or more d::i.ys and In 
seedlings from seeds gcrminated. As standards, chlorophylls a and b extracted 
from spinachs wcrc used . For separation of chloropb 11 , sucrose cotunms n:nd 
thin laycr chromatograpby were uscd. Ident.ification was mnde by colourcd bandt 
of columns, by the Rf of chromatogram spots and absorptfon maxima. Deter
minatíons were made by spcctral mcas11rcment o.f extracts. lt wa concluded that 
germination increases the Jcvel of chlorophylls a and b in a gradual und signlflcant 
way witb respect to prc-germinatcd seeds. 

l. TBODUCTl. ON 

In our Department qualitative and quantitative chang of difw 
ferent con t'ituents of Pi1111.s pin.ni eed were tudfod through cold 
stratif ication and germination (1, 5, 6, 1, , 9, 10). In coniferous 
plants during germinatibn chlorophyll u ually i bio ynth sised, in 
Pinus pirnea seed chlorophyll is biosynthe ! ed too. For thi r son. 
it was interesting to study the stage in which tbe bio ynthe i, of 
chlorophyll or chlorophyll s began to follow th quantitativ cours 
of those compounds in tb ea rlier st.ag s of the d v lopm nt of 
seed.lings, and _also to identify '\vhat chlorophylls th re ar in 
the . eed. 

Identification of chlorophyll is usually mad · by mearis it 
absorption spectra a.fter extraction of the ample with e rtain 
so.lvents and farther epara.tion of chlorophyll by column adsorptioa 
or thin-layer-chromato raphy. ln this work, the chlorophylls x ... 
tracted from fresh 'pína·ch were u.sed a standards fo comparí on. 
with those extracted from embryos or seedding of Pinus pinea d. 
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,_ 
M ATERIAL AND MET H-O OS 

The material used in the tests was Pinus pinea seeds from Coca 
(Segovia, ~pain ), with a g ermination capacity ·OÍ 95 %. The 
stratificat ion was made at 4 ºC on vermiculite mo1stened with water 
at different dates or periods. Vermiculite and seeds were arranged 
in alternating Iayers. The germination tests were carried out m 
Jacobse n ' ~ chamber at 28 ºC with seeds st ratified for 15 days at 
different stages of g t: rmination by ~aking the following radicle 
lengths a models : O-:-; 5-10; 10-15; 20-30 mm a nd longer than 
.30 mm. 

from fresh spinach : 

tr ct.s from mbryo or dling of 

CR LOROPHYLLS IN "pJ Nt: S PI NEA" CE R!lll NATI NC U D 

} DE TJ FK ATJ ON OF CHLOR O PH'fl .1.S 

fo exlracts of spinacli 

· Separa/ ion of chlorophylls b_y m.ean.1· of colmnn clwomntogrnplr y 

As materials l\vere used, adsorbent , ucro e : tarch (97 : !~) f inely 
; ground and act ivated for 12 hours at 5 ºC; solvent for development 
¡ petrol-ether (B. P. 30-40 ºC): a-propano! (99 5: 0,5) . 

The bands obtained were a fol!o·ws: 1, Y ellow, :.., Bluish g reen : 
the colour, location and absorption maxima of this pigm nt prov d 
to be chlorophyll a. a, Yellow . 4, Yellowi h green. The colour, 
location and absorption maxima of this pigment howed to be 
chlorophyll. b. 5, Yellow. 6, YeJlow. The pos"tion of the yellow pot, 
number 6 1s on the top of the column. A lot of chromatog rams 
were prepared from methanolic and acetonic extracts fr om fresh 
spinach and were ali similar. 

The bandi; 1 and 2 of the column were removed by e.lution with 
petrol-ether (B. P. 30-40 C conta ining 0.5 per cent of n-propanol). 
The pigments 5 and 6 were removed throug h the opening of the 
column with help of a mal! rod and the pigment 4 was eluted with 
petrol-ether containing 3 per cent of ethanol. The solvents of ~ 
eluates 2 and 4 were evaporated in current of nitrogen until dryness. 
The residues of the solutions in methanol were t aken for the 
measurement of their abso.rption spectra. 

In extracts from embryos and seedlings of PimM pinea. d , 
separation and identification of chorophylls were mad of . imilar 
way to .that of pinach verified by means of column hromatog raphy 
.and thm layer chromafography . The bands obtain d wer : 1. 
B_luish green, the colour, location and absorption ma.-c ima of thi 
p1gment proved to be chlorophyll b 3, Yellow. 

S epanif.ion of cltloroph.~r lls b)' nua.11.s of t.liin la~,' er 
of ckromatograp/r.y 

This is based in the Bunt ' s t echnique (1064) for e timatlng · of 
chlorophylf s in a'lgas and u ed ln this work for pinach and 
'Seedlings. See F ig 1. 
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Fig. 1.-Average chromatogram representative of many carried out with the 
pi¡ment• that c&me írom : 

Methanolic rxtracta from fruh 1pinach u~d u atandards : 
Spou: 1 Yellow. 2 Yellow. 3 Ytllowish grttn The colour. location and 

abaorption mulm;i o( thiw pirment proved to bt chlorophyll b. 4 Yellow. ú Bluil\h 
creen . The rolour, loc:alion nnd ah11orption maltima of this pi~mtnl showed ¡,, 
be chlorophyll a. 6 Yellow. 

Methanolic extrart~ írom sttdling~ of Pio.r 'irito ~eeds with radicle longer 
than 80 mm : 

Spol!l: 1 Ytllow . :! Yl'llow . :l Ytllowí1h green . The colour, location and absorp· 
tlon maxima preved to bt chloroph~ll b. 11 Rlni•h grc-en . Tbe colour . location 
and abaorption maxima •howed to •~ chlorophyll 1 . 

Averare Rf: valuew of princip.il l\pots: 1"'O.Ufl. l'i=0.98. 3 = 0.87. 
Adaorbent : Kieaeliruhr r; (Mer<'k-Stahl) . Platu 20 x 20 cm . J..ayer thicknus 

o.a mm. 
Artlvarion oí layen at 110 "<.. for 1 hour. Soh-tnt· systc-rn for dt,·tlopment of 

chromatorram&, ~trol -ether {B. P. o.• SIO "C') : n propano! (118 : 1). 

CHl.OROPHYLLS IN "rrsus PISE.," Gl::RKINAT!NG SEEDS 

The spots 5 (bluish-green) and 3 (yellowish-green) obtained by thin 
lfayer of chromatography (see Fig 1) from spinach and seedlings of 
.Pinus pinea seeds have similar Rf. The spot colours, Rf values and 
.-absorption maxima 435, 665 and 470 and 6rl0 nm showed to be 
.chlorophylls too. 

DETERMINATION OF CHLOROPHYLLS 

They were accurately weighed in each detcnnination of 0.5-1 g 
.of fresh spinach on Pinus pinea seed embryos, and extracted with 
:methanol in a similar way to that for the identification of pigments. 

The residues wcre dissolved in 5 mi of 90 % acetone and its 
.absorptions measured at 649 and 665 nm (Gottschalk .rnd 
.Müller 1964, Vernon 1960 y Me. Kinney 1941). 

Chlorophyll a wu determined by the equation : 
Chl a (p.g/ml) = 11.63 (Am) - 2.39 (A • ..,). 
Chlorophyll b was determined by the equation : 
Chl b (p.g/ml) = 20.11 (Am) - 5.18 (A815 ). 

The sum of values obtained for chlorophylls a and b must be 
,~imilar to that obtained applieing the equation : 

Whole chlorophyll p.g/ml = 6.45 (Am) + 17.72 (A,0 ). 

A represents the optic densities at 665 nm and 649 nm and the 
-values indicates µg per ml. 

The quantitative results of chlorophylls a and b in relation to 
.development of seedlings are described in the Table :!. 

RESULTS 

In or<!er to identify the chlorophylls of Pinus pin-ea secds by 
·their absorption spectra a large quantity of secd extractions were 
oearried out. The solvent used was methanol. Thc extractions and 
:Spectral measurements were made in : Pinus pinea seed subjected to 
.cold stratification for 60 days ; in seed put for germination in 
jacobsen's chamber (after stratification for 15 days) 2; 3; 22 and 24 
<iays and in seedlings with radicles length of 0-5; r>-10; 10-15; 1[>..20; 
:20-30 mm. In sorne cases the cxtracts were first run through a 
:sucrose column. See the Table 1. 
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CBLOROPflYLLS IN " PI Nl"S P lNEA" GEllM IN .~TING S&EDS 

T .U I LE 2 

Cliwroplsyll pe<r g/ ,.eferred to dry .ueigh 

S..ds 1tralifled for 1 s day1 and: 

Pul in Jacobsen 's chamber for z days 
Pul in Jacobs•n's chamber for 3 d.ays 

Germinaled in Jacobsen's chamber: 

Radie!• l•ngtll o- s mm 
Radicle length 5 · 10 mm 
Radie!• leagth 10-15 mm 
Radi.cl1 Jen1th 15·20 mm 
Rad,cle length IO·JO mm 
Rt dicle Jengtb longer than 30 mm 

1 

0 . 14 mg 
0. 34 .,,, 

o . 37 m¡ 
0.39 mi 
o . p •I 
1.o:a mg 

Chlorophy lls 

b 

In embryos 

2 . 35 ... g 

9. 73 111 

s . 80 111 
12. 43 11c 

In seedling 

•. o6 "'' 
9.10 mg 

o.16 mg 0 .50 mg 
o . u : mg G,• 41J mg 
o. u m1 o .5q mg 
0.3.1 mg 1 •. 03 mg 
o.omg 1.,u m1 

D1 •. CL' S IO N 

6811' 

Total chio· · 
rophyll 

3 . So y.g: 
10 . 80 \AS:. 

o.u mg: 
0. 50 mg: 
0 .50 mg. 
0.50 mJ. 
1.03 mg 
1. 46 mg 

Chlorophylls from t>mbryos or edl ing of Pitms pi11ea d. 
obsviously are a and b ; because not only hav they b en id ntifi á 
by thei r absorption s pectra but al o th r have imilar Rf with 
r gard to chlorophy ll from pinach taken a standard and th 
suitable blµ ish-g reen and yellowish-green colours of th ·pots in 
chromatog rams obtained by thin layer-cbrornatography (Fig 1 . 

On the other hand, the separation of chlorophyll from dlinK · 
Lhrough ucrose column, produce two band · of bluish-g ree n (l) and 
yellowi. h-green (2) colours, simila r to bands (2 and 4) that come· 
from the spinach. Separation of chlorophyll a and b from e dling : 
is not so sha rp or clear as in the chromatogram obtain d of pina.ch 
extracts ; probably because the yellow pigment (3) incr as the 
migration of the chlorophyll a whereas the seedling doe not how 
this one. However the ab orption maxima of chlorophylls eparate 
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by this procedure from seedlings, coincide almo t exactly with those 
that came from the spinach. 

Methanol was used as solvent for extraction of chlorophyll from 
embryos and seedlings becau e it practically does not dissolves the 
lipids contained in them; in addition it is as good a solvent of 
<:hlorophylls as acetone or ethanol. 

In seeds dormant (non-stratified) and stratified, chlorophylls did 
not appear ; but later their biosynthesis was initiated in pre-ger
mination before the processes of growth the could lead to protru ion 
of part of the embryo through the seed cosering. The increa e of 
th chlorophylls is na~urally later than the germination progre. and 
<ievelopment of the seedlings. 
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.Sobre la fl0ra y corología de la Scrra da Estrcla 
(Portugal) 

por 
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RESUMEN 

Se delimita el sector corológico Estrcllensc en base a us peculiaridades geográ 
'ficas, geomorfol6gicas, climáticas, edáficas, florísticas y fito ociológicas. Asimi 
:mo, se hace un análisis del elemento y subelemento endémico, ectorial provinci.1 y 
-de mayor área , así como se sugieren las relaciones ílorística y migratoria con 
•otros territorio peninsulares. Por último, e dan a conocer alguna novedade 
' florística para la Serra da E trela, de la que algunas lo on también para Por
·tugal. 

SuwMARY 

The limits of the Estrcllcnse chorologic sector are defined by IT'Can. o! it 
:geographic, geomorphologic, climatic, edaphic, flori tic and phyto8ociologic features. 
An analysis o( tbe endemic element and subelement nt thc sectori 1, provln i 1 
and wider lcvels is per!ormed, and the floristic and migrntory rclntion. hips with 
other peninsular territorics are suggested. Lastly, sorne floristic novitnte1 for 

..Serra da Estrela are presented, orne o( which ar also new for Portugal. 

Hace cinco año uno de no otro publicó un p qu fio artículo 
-<<Dato sobre la. flora y la vegetación de la rra da E tr la. ( ortu-
-gal) - Anal s d la Real Academia d Farmacia, 40 (1): or. 7•l>i, n el 
-qu trataba d dar a conocer alguno dato fito ocioló ico y florí ti· 
-cos de dicho macizo con ánimo de de tacar u r lacion con la alta 
montaña de la Cordillera Central y con las d otro territorio d 
~a provincia corológica Carpetano-Ibérico-Leone a. 

A pe ar cte que un lu tro no un plazo de tiempo dema. ia<lo 
!argo, algunas campaña botánica realizada de d entone a tra 
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