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layens. Arr,anged so, the leaves have the ab-
sorbing capacirty of the leaf monolayer.

The best leaf area com,,bines an optimum
size with corresponding physiological âctivity.If we want t.o try to àchieve 1t, we must
first gain a more profound and a more subtile
knowledge of the energy-accumulating ef,fi-
glency of photosynthesls (N i è i p o io v i ë,
1 e79).

MATERIAI^S AND METHODS

'We examined the following sunfJ.ower res-
lorsl! : R-606, R-614, R,625, F"-627, R-809,
R-840, and R-842. They are highly divergenit.

THE MEASUREMENT OF ENERGY IN
PLANT TiSSUE

Qample,s of plant tissue were dried, cuushed,
and molded into pills weighing about 0:t305
qrlms. A piece of wire (Z cm long) was ernbed-
ded in each pill to serve as thà eleotric con-
duit for in,cineration of the sample in calori-
rnetric chamber.

The calorimetni,c ,coefficient (C) was catrcu-
lated by the following formula :

(6323 cal X benzoic acid mass) _ mass of the wire after
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INTRODUCTION

The rate of solar energy irradiated on a
horizontal surface is 0 to S,6OO. fne maximum
utilization of solar energy implies a high effi-
ciency of the primary, photocherni,cal ,processes
and the reaction in the Calvin cycle. A high
photochemical ef'ficiency of the pÉotosynthet"ic
apparatus ,(measured by the rate of non-cycli,c
el"ectron t_r,ansportation and the rate of pËoto_
phosphorilation) lowers the efficiencv of other
processes bringing about losses in thé absor,bed
energy. The fluorescence of chlorophyll o asa mode of energy depletion *"y b" ïsed as
a quick and ,non-destructive merthod of detect_
ing changes and types of changes in the pri_
rnary processes of photosynthesis and their
interactions with the processes in the Calvin
cy.cle.

However, the lea,f is the site of not onlv
photos'yntheti'c processes but also oxidoreduaÉ
ive respiratory processes in the light and d,arkas wel as exoenergetic enzyml,c reactions
which make use of the primary bound energyin car,boxylation reactions and photosynthetic
transformations of OOz. About 2b0/s of ,the
primary bound energy are used for the pri_
mary fixation of CO2. Therefore, the maxirnurn
qTr.-"| -net ph,otosynthesis is 260-270 mg
CO2/dmz/hr with the maxirnum coefficient oflight energy utilization of 19-20%. Acco,rd_
ing1y, the light curves of photosynthesis are
not straight lines and their values are much
below the theoretical ones.

- It should be pointed out that plants are ef_
fiqient user,s of light energy. Thèy forrn com_
plex canopies r,vith a relatively high leaf area
index (J,AI), distri,buting the leavei in severâL

Difference in temperatures before and âIter
incineration (T2_Tr)

One gra,m of benzoic acid releases 6.32ig
small 'catrories.

,-_ 6,3123X0.2810 g-b.5 cmv:_:z.c5,riCai
0.7i311

The calori,city of the plant tissue samples was
catrculated as follows :

îo1 /a 
-(tr-tr) 

- remaining wire X calorim. coeffic. (C) ll--_-5
mass of .prânt tissue sample 

- 

ll

-._ (1.565 - 1.088) - 7.2 cm X 2,9b4 _ q FFF _

o.ror, ff:3,6G6 call€l

C- incineration
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THE ME"\SU,REMENT OF THE PRIMARY
CONVERSION OF LIGHT IENERGY

Sunflower leaves were kept at 4-1 0"C for
24 hours, with the petioles immersed in water.
The leaves were thèn rinsed'and left in water
for 30 minutes. They were exposed to light
during thaû period. Forty gr,ams of the leaves
were cut in pieces and homogenized in a

rnrixer \Mith 100 ml of solvent composed o'f

0;4 M sucrose, 10 mM Nacl, 1 mlVI MgCl2, 1 m'M
Cbra, 50 mfVI sodium phyrophosphate, 0.61/o

Carbowax 4000, 0.05% cy,steine, an'd 0.215u/o

BSA, pH 7.8. The homogenate was strained
throug^h 10 layers of cotton and 'centrifuged
at 1,000 rpm. for five minutes. The superna-
tant was decanted and the chloroplast sedi-
ment was resusp,en'ded in 3r0 ml of the s'olvent
which did not èontain Carbowax and cysteine
whlle 50 mM tricine, pH 7.8, was ad'ded in-
stead of pynophos'phate' The suspension was
again centr,ifuged and the chloroplast sediment
ràsuspended iÀ a small amount of the soLvent.
The iesultant suspension was used for further
analyses.

The Hill reaction and the related photo-
phosphorilation were followed in the isolated
chioroplasts by means rlrf an oxygen catho'de,
i.e. on- the basis of oxygen release in the pro-
cess of photosynthesis. One milliliter: of the
reaotion mixture used conta'ined 0.4 M su'crose,
50 mM tri,cine, pH E.0, 3,000 catalase units,
10 mM phospharte, 1 mM MgCl2, and 15 ug
chloroPlast chloroPhYll.

THE MEASUREMENT OF THE LEAF
FLUORESCENCE

Since the leaf fiuorescence is affected by
the treatment the plant receives before the
measursment, we took care to treat equa[ly
the enrtire material. AII loaves were exposed
to red li1ght for 10 mirnu,tes and 1i2 mhn leaf
disks were cut out from the same place, i.e.
between the .socond and third lateral nerve'
1 cm to the right of the main nerve. The disks
were turrred face down on wet paper and
.c'overod with transpareû*t ptastic foil. Prior to
the reading o,f the fluorescence emission spec-
trum, the disks were exposed to light for one

minute, kept in dark for 20 minutes, and
broughrt to light again to read their temporra[
kinetlcs of fluorescence for three minutes. The
ternrporal kinetics was rea.d at 685 nm (F 6Eb)

and the emission spectra at 650-800 nm, at
200c.

The tight source was a He-Ne lasser (: 632'8
nrn) equiped with a filter for the sarne wave-
length (Edmund Sci. Co.) C. Zei,ss filters no. 5
md O were used to ellimiinate the exc'itan'b and
ûhe dispersed light. Fluorescence was detected
with a photomultiplier EMI 9558 QB, C' Zeiss
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SPM ,2 rnonochr,clnator, and Sefr:am, Servo-
trace electronic equipmerrt for the discr'imi-
nation and magnification of impulses and a
plotter.

RESULTS AND DISCUSSION

1. THE DYNAMICS OF SOLAR ENERGY
ACCUMULATION AND THE DISTRi-
BUTION OF AOCUMULATED ENERGY
IN PLANT PARTS

Budding stagc

We analysed the accumulation of solar
energy in the leaf, stem and hea'd, expressing
it per total plant and in calories per one gram
of dry matter (Tâble 1).

Table 7

Solar cnelgy bound in plant parts of sunflower restrorers

Budding

Calories/plant

-r---l

Restorer I Leaf I Stem I Head |'rotai

R-606
R-614
P"-725
R-727
It-809
R-812
R-840
R-842

R-606
R-614
P'-725

R-809
R-812
R-B4p
R-842

50264
85 388
53 832
2E 098
64 935
95 934
B1 113

115 558

46 239
67 725
39 105
14 390
52125
61 160
6B 735
91 989

3 443
3 482
3 .348

3 L42
3 107
3 236
3 273
3 339

750
4 470
2 4St

?05
3 040

' 
IJT

7 094

97 253
15? 583
95 428
43 193

120 700
162265
156 940
207 547

10 70?
TI 478
I 812

10 030
10 334
10 318
10 561

6 585

Calories/gram

3 745
3 450
3 460
3 523
3 897
3 830u-t

R-84r2, R-8,1'2, R-614, and R-840 had the
highest ener,gy accumulation per plant, while
R-727 had the lowest aocumulation. The picture
becomes radically different when expresslng
the accumulation- in c,alories per gram of dry
matter.

The data in Table 1 show that the exarnined
resto,rers differe'd regarding the distrib'uttion o'f

accumulated solar energy in plant parts. At
bu:dding stage, the largest amougt- of energy
*rs acéurnulated in the leaf an'd then in the
stern and head. If the a,mount of accumulat'ed
energy is expressed in calories per gram of
dry Tnatter, the head ranks first, the leaf se-
cond, and the stem third.

Flowering stage

At thât stage, R-Bl42 had the hlghest and
F'-7,2'7 the lowést accumulation of solar energy
per plant. t'rom the view poùrt of accurnulated

3 515
3 546
3 004
3 365
3 330
3 252
3 437
3 246



Flowering

Table 2

Solar energy bound in plant parts of sunflorper restorers

Calories/plant

At the stage of flowering, the accu,mulated
solar energy'ffas distributed unevenly in plant
parts. Hrigher amounts were found in the head
and grain than in ûhe stem and leaf. If expres_
sed. in calories per gram of dry matterl the
grain accumulaterd significantly larger aïnounts
crf bound energy than the vegelative plant
parts.

Table 4 shows also that the am,ount of bound.
snergy decreased in all vegetative parts but
increased in the grain of al{. restorers. It means
that an intensive translo,cation of hiEh-mole_
cular organdc surbstances from the végetative
Fytt t9 the grain takes place duri,ng the srtage
of milk maturity.

Table 4
Solar energy bound in plant parts of sunflower restorers

R-606
R-614
F--725
R-727
R-B09
R-812
R-840
R-842

R-606
R-614
P"-725
R-727
R-B09
R-812
R-840
F,-842

85 319
158 410
73 060
45 103

168 539
144962
136 439
234 441

3 643
3 588
3 521
3 404
3 295
3 468
3 415
3 342

9B 434
191 632
114 388
52 L95

17? 895
219 590
211 360

23 03?
17 B5B
4220r
10 306
38 718
72 278
78 532
38 069

206 790
367 900
229 649
r0? 604
385 152
436 830
426 32r
544 651

Calories/gram

energy expressed in calories per gram of dry
maûter, Ri6,0,6 was the best performer and
R.614 was the worst (Table 2).-

Differences were observed among the resto-
rers regarrding the distributi,o,n of a,acurnulated.
energy in plant parts. When exrpressed in
calori-es pe,r plant, the largest amount of energy
was foun'd in the ste,m, then in the leaf anô
head. Expressed in calories per ,gra,m of d.ry
matter, the head stored the largest amount o,f
energy.

Milk maturity

Table 3 shows that the largest amount of
accu,mulated energy per plant was found. in
R-614 ; the lowest amount-was found inF'-,727.

3 783
3 939
3 871
5 I L:t
3 461
3 746
3 641
3 785

162 840
130 953
101 381
85 582

159 040
263 987
10E 281
215 118

3 938
3 079
3 827
3 964
3 911
3 745
4 0r7
3 945

L02 392
293 465
rl5 577
54 156
542L8
72 013
64 282

277 649

11 364
10 606
11 219
11 083
10 667
10 959
t1 073
tt 072

728 508
917 246
425 BB4
293 587
737  tl
815 408
564 929
866 720

Calories/plant

R-606
R-614
R-725
R-727
R-BO9
R_812
R-B4O
R-842

R-606
It-614
R-725
R-727
R-BO9
R.872
R-840
R-842

97 253
157 583
95 428
43 193

r20 700
162 265
156 940
207 547

206 790
367 900
229 649
107 604
385 r52
436 830
426 321
544 651

728 508
9r7 246
425 BB4
293 587
737 411
815 408
564 929
866 720

357 875
480 910
250 320
148 128
414 421
47r 50r
382 730
539 639

I0 707
tr 478
I 872

10 030
10 334
10 318
10 561
6 585

77 364
10 606
tl 219
II 083
I0 667
10 959
1l 073
71 072

16 759
15 944
15 506
15 316
14 548
16 177
L5 477
t4 687

72 943
12 676
t2 779
12 143
11 850
12 485
72 370
10 78l

Table 3

Solar energy bound in plant parts of sunflower restorers

Milk maturity

Restorerl r-eat I st.- | ueaa | """o I rorr,,,,t^""*-

Ca,lories/plant

The tested restorers behaved specifically
regarding the accumulation o,f energjr. Table 

-b

shows differences in energy 
",o".rilulat"d inthe biological. and agricultulâI yields per hec-

tare of the restorers. Aocord,ingly, thôir grain
yields per hectare differed too.

_Fur,ther,mo,re, irt is evirdent that the amotrh[of solar energy received by plants is trernen_
dous. Its magnitude is expresÀed in rnillions of
kilocalories per he,ctare per hour. However, a
mere 10/6 of it is transforrned into pla,nt bulkby the process of photosynthesis.

Lf we take into consid,eration the energy
value- of the vegetative pank of sunflower, tËê
question of itrs utilization immediately comes
to mind. About 2lb0,l6 of the energy, in ihe for,rn
of harvest residues, are plowed ùnae, to main-
tain 

_the physical soil properties. A technology
should be developed which would rnake use ofthe rernaining Zb0/6 of energy stoïod in the
above-ground plant pants.

R-606
R-614
F'-72ît
R-727
R-809
R-812
R-840
F.-842

R-606
R-614
P"-725
R-727
R-B09
R-812
R-840
R-842

156 585
103 191

92 500
63 866

r51 459
159 908
tzt 545
250 481

3 353
3 272
3 223
3 4I9
2 729
3 099
2943
3 199

156 691
289 637
Lr6 426

69 983
336 694
319 5û0
270 816
129 472

CaJories/gram

3 783
3 692
3 627
3 646
3 713
3 683
3 640
2 574

4 001
3 733
3 551
3 269
3 680
4 096
3 895
3 BB3

5 622
5 247
5 105
4 982
4 426
5 299
4999
5 ztl

16 759
15 944
15 506
15 316
t4 548
L6 177
L5 477
L4 687

per developmental stages

Ca,Iories/gram
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Table 5

Solar energy bound in grôin yield per hectare of
sunflower restorers

Table 6

Eate of oxygen release and ATP synthesis in sun-

Samp1e
+ N1IiCI

Kg calories/ha
in averâge
biological

yield

Kg calories/ha
in grain yield

Grain
yield kg/tra

ATP

R-606
R-6r4
F.-725
R-727
R-B09
R-812
R-840
F,-842

14 315 000
19 236 400
10 012 800

5 925 120
16 576 840
lB 860 040
15 309 200
21 585 560

B 095 680
11 738 600
4 623 080
2 766 240
2 168 720
2 880 520
2 57r 280

10 665 960

1 440
2 237

906
435
490
544
514

2 080

R-606
R-614
R-725
R-727
R-809
R.812
R-B4O
F.-842

higher rates in R.6'14, R-E40, and R-84'2. The
inéreased rates of electron tr,ansportation and
the Hill reaction were followed by the corres-
pondin'gly increased rates of photophosphoryl-
âtion : 

-the obtained va,lues rangd bet'ween
100 and 2'50 u,mols of ATP per one rng of chlo-
rorphyltl per hour.

3. THE LEAF FLUORESCENCE

Green leaves fluorescence when they are.
illurninated. The major portion of the fluor-
escsnce is released from ch'lo,rophyll o from
photosystern II and it represents a part of the
èxcitative energy which cannot be u,sed in
other ways, e.g. electron transport'ation to
NADP. It'is certain that the fluorescenae has
also to do with the assirnilation of caribon.
The fluorescence depends on many factors, pri-
manily on ttre redox state of electron con-
veyers in the electron transportation ch'ailn,
degree of acidification of the thylakoid mem-
brane, and the phosphorylation of the mem-
braneous proteins by ATP whi,ch is probably
related to state l-staôe 2 tr,ansitions.

There were foulpeaks in Ûhe emission
fluorescence spectra measure'd at room tem-
perature : at ,about 68,5, 700' 720, and 7'40 nm.
The fluorescence emitted at 6&5 and 7i40 nm

0.82
1.54
0.82
0.85
1.00
t.t2
0.98
1.00

are lrnown to belong to photosy'stern II (PS II]

98
tt,
102
148
1t7
129
193
165

f 3.l
170
140
140
140
178
225
220

60
72
5Z

5B
63
98
82

43
45
51
t^

39
60
52

2r. THE PRIMARY CONVERSION OF
LIGIIT ENERGY

In the rprevious paragraphs \ile descri'bed
the sirnple method of quantitative eva'luatiort
of photosyntheitic efficiency based on the
weight of the su,bstr.ate and photosynthetic
products contrasted against the amounts of
à,ccumulated energy. Holever, that method
assesses the process on'ly partiall"y.

The contemporary concepts see the process
of photosynthesis as the result of simultaneous
prdcesses- of water photo-oxidation-and hyd,ro-
gen transfer (H+ and e- - two photosystems
involved) arrd CO2 reduction in the presence
of the enzymes fro'rn the Calvin cycle. There-
fore, the maximum energy - accumulating
efficiency o,f the process of photosynthesis will
be achieved if :

1) each eighrt absonbed quants of energy se-
cuire the traÀsfer of four electrons through the
reactive centeors of the two photosystems and
the formartion of two molecules of NADP. H
and 'three moLecules of ATP, binding in them
1,2,6.5 kilocalories (Govin'djee, 1975); 2)
the formed molecutes (2 of N.C"DP. H and 3

of ATP) take rpart in the reducrtion of CO2

molecules in Calvin cycle to the final accu-
mulation of 112.5 kilocalor'ies of energy.

The maximum erlergy-aocumulating effi-
ciency requires thus the synchronization of
the foflowing pânameters : the structural or-
ganization of the leaf, the rate and intenslty
of the photosynthetic reactirotn.

The rate of electron transportation rù/as

measured in isolafed chloroplasts, in the pre-
sence of an alien êlectron receiver (the Hill
reacrtion). It was found that the HilI reaction,
i.e. the rate of oxygen release under the
effect of light and in the presence of potas-
sium ferricyanide (2 mM) as the electron re-
ceiver, was stim;r.rlated by the presence of
ADP (0.1 umols) and the decoupling reagent'
am,rnonium chloride (5 mM) (TaUle 6).

The obtained rates of the Hi[l reaction
indicated a norrnal photosynthetic arctivity of
the isolated chloroplasts. The values of the
basi'c and stimu'lated rate of the Hi'll reaction
we, re mostly uniform, 'ù/ith the exception of

5B

and photosystem I
fluorescence at 720
from PS L

- I), respectively. The
is bdlived to originate

emission fluorescence

Ito
(PS

nm

spe,ctra of the restorer's R-727 'and R-809, res-
pectively. These spectrra were different. In the
èase of the tatter, the emission at 685 ntn rû/as

less intensive in relatiorn to that at 720 nm. It
may signify either a lowen activity cf PS II or
an increased energy transfer fr'om PS II
to FS I.

that the observed d,ifferences
fluorescence spectra are attri-
geneti'c diversitY of the exa-
The differences may be also

Figure 1 shows the

It is probarble
in the emission
butable to the
mined restorers.
due to a disturban'ce in the photosynthetic
aptparatus generated by chernicals or stresses

flower chloroplasts (uMOLs/hr, mg HL)

(high or low temPeratures, drou,ght). The
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Fig. 1 - Fluorescence emission spectra of sunflower
restorers R-Z2Z e::a R_909

method of fluorescence reading maJr be very
useful sin,ae it indicates distuibancbs in thê
photosynthetic apparatus quickly and without
destroying the analysed sample.

CONCLUSIOI[

We studied the energy-accumulating effi-
<:iency of sunflower restorers R-606, n_eta.
R-7,25, R-727, R-812, R-8140, anLd R-8142 bv the
methods of calorimetry, photophosphoryLâtion,
and fl.uorescence.

. The analysed restor"ers were speciflc rega,rd-
ing- the energy-accumulating efficiency of the
leaf.

,The aocum,ulation of energy in tissue de-
p,en'ded on the developmental stage and the
plant parts examined. The accurnrJlation of
energy increased frorn budding to milk ma!u-
ri,ty in ,alI restorers.

The restorers had insigni,fi,cant r,ates o,f the
HiJ.l reaction in the presence of fer,fi,cyanide.
The rates were consirderably stirnulaiËed when
ADP and amm,onium chl,onide werj,e added.
The forrner additive increased the nate cÉ
electron transportation by 1.6 tirmes.

So,me restorers di.ffered in the emission
fl.uorescence spectna which was an indication
of either a l,ow activity of pS II or a high
energy transfer from pS II to pS I.
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ACCUMULATIOI\ ET UTILISATION DE L'ÉNERGIE
CHEZ LES LIGNÉES,DE TOURNESOL

Résumé

L'efficacité de I'accumulation de l'énergie chez les
lignées restauratrices de tournesol R-606, g_g&, n-lZS,
R-727, R-812, R-840 a été étudiée par les méthodes,
calorim.étrique. photophosphorylation et fluorescence.

Les trgnees restauratrices se sont comportées d'unefaçon spécifique, concernant l'éfficacité de I'accumu_lation d'énergie par les feuilles. L'accumulation de
l'énergie dans le tissu dépend du stade de dévelop_pement et des parties examinées de la plante. EIie
s'est accrue dans toutes les variantes, dês la phasede bouton floral jusqu'à la phase de.maturité
laiteuse.

Les lignées restauratrices ont eu des taux non_significatifs de la réaction Hill, en présence de laferrycinide. Ces taux ont été considèrablement sti_mulés en ajoutant ADP et chlorure d'ammonium.
Ce premier composé a augmenté 1,6 fois le tauxdu transport d'électrons.

Certaines lignées restauratrices ont différé Darrapport au spectre de la fluorescence ém.ise, indi_quant une activité réduite de pS II ou de l'énergie
transférée de PS II à PS I. La méthode de la lecturede la fluorescence est particulièrement utile, celle_ciindiquant des différenèes et perturbations de I'ao_pareil photosynthétique d'une 

-façon 
rapide et sansdétruire les échantillons analysés.

ACUMULACION Y EMPLEO DE ENERGIA EN LAS
LINEAS DE GIRASOL

Resttmen

Fue estudiada la eficacia de la acumulaciôn de
energia en las lfneas testauradoras de girasol R_606,
R-614, R-725, R-727, R-812, R-842 por los siguientes
métodos : calorimétrico, fotofosforiiaciôn y fluoresc_
cen cia.

Las lineas restauradoras se han comportado espe_cificamente en cuanto a la eficacia de' la acumula_ci6n de energia por las hojas. La acurnulaciôn .{e
energia__en el tejido estuvo pendiente al estadio de
d.esarrollo y a las partes de plantas examinadas.tjlla aumentô en todas las variantes, desde la fase
de botdn floral hasta la fase de madurez en leche.

Las lineas restauradoras tuvieron cuotas nonsigni-
ficantes de la reacciôn Hill en presencia de la fer-rycinidis. Dichas cuotas fueron considerablemente
estimuladas al afladir ADP y clorura de amonio. Elprimer compuesto aumentô la cuota del transporte
de electronos por 1,6 veces.

Algunas de las lineas restauradoras se distinguie-
ron en 10 tocante aI espectro de flurescencia emitida
que es un indicio de la actividad reducida de pS IIo bien de la energia transferada desde pS Ii hasta
PS I. El método de leer la fluorescencia resulta oar-
ticularmente ritil, indicando diferencias y perturban_
ciones en -el_ aparato fotosintético ae môd6 ràpido y
sin destrufr las pruebas analizadas.
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