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Abstract 

The effect of 16—8 h and 15—7.5 min light-dark cycles (LDC) on the lamella system of meso-
phyllchloroplast (Mchlp) was studied in the fourth leaves of five weeks old corn plants grown in phy-
totron. In the long and short LDC-s the period of light was the same (16 h/day), the light intensity 
was 32 Wm-'. 

Compared to the 16—8 h control, the 15—7.5 min LCD showed the following effects: 
— The cut-surface quota (area) of the grana almost decreased to the half: 
— In the case of corns 523 broader grana of lower height developed. The grana made up of 2—4 

thylakoids were predominating (cc. 50%), while those standing of 14—35 thylakoids were mis-
sing; 

— In the case of corns 165 and 3901 the thylakoids of the high grana became swollen, the partitions 
became loose, "decomposed". Stroma lamellae were frequent in these M chloroplasts. 

— In the Mchlp starch occurred in lower amount and smaller size. 

Introduction 

It was determined by BLACKMAN in 1905 that photosynthesis has two limiting 

factors: photochemical reactions in case o f low light intensity, and dark reactions in 

that of high light intensity. 

The significance o f the length o f light periods on the development o f plants and 

the usefulness o f light was later confirmed by several authors: WARBURG (1919); 

G A R N E R a n d A L L A R D ( 1 9 3 1 ) , EMERSON a n d A R N O L D ( 1 9 3 2 ) , G R E G O R Y a n d PEARSE 

( 1937 ) , PORTSMOUTH ( 1937 ) , B O N D E ( 1955 ) , H I L L M A N ( 1 9 5 6 ) , W H I T T I N G H A M a n d 

B R O W N ( 1953 ) , F O G G ( 1 9 6 8 ) , P O L L A R D ( 1 9 7 0 ) , R A J A N et a l . ( 1 9 7 1 ) , H O R V A T H et a l . 

( 1 977 , 1978 ) a n d o t h e r s . 

KETELLAPER (1964) holds the ratio o f photoperiod and whole cycle length as an 

important factor. Besides the daily i l luminat ion and length o f photoperiod, great im-

portance is also attached to the length o f dark periods in the short periods o f light 

( M A R 6 T I et a l . 1 981 ; M A R 6 T I a n d PATAKY, 1982 ; M A R O T I , 1982) . 

It is known that the various lengths of light-dark periods have different effects 

on the growth o f plants, however, there are only few data on its relationship to the 

internal membraneous system o f chloroplasts. 

It is assumed that the length and ratio o f the light-dark period basically determine 

the organization o f the chloroplast membraneous system. On the basis o f our ear-

lier studies (MAR6TI and GABOR, 1976; MAR6TI, 1982) it may also be presumed that 

the area and ratio o f the single and stacked lamellae also have important role in the 

light utilization o f certain plants. 

It is not clear as yet in what degree the light and genotype, resp. determine the 

ratio of the single and stacked membranes. In fact, even the relationships between the 
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light intensity and granum-formation are evaluated diversely (BOARDMAN et a l . 1974; 

VLASZOVA a n d O S Z I P O V A , 1973 ) . 

For studies on the organizat ion o f the chloroplast membranes — STRASSER and 

BUTLER (1976), ARMOND et a l . (1976), AKOYUNOGLOU et al. (1978) — such lieht peri-

ods are frequently appl ied, where the length varies from 0.01s to 2 min . These „ f l a sh " 

light experiments cannot be compared to our 15—7.5 min LDC-s, since here the 

light-dark ratio is 1/50 or less, and on the other hand no norma l grana format ion 

can be observed in adhered doub le , so-called pr imary thylakoids. 

Compared to the 16—8h long i l luminat ion the 15—7.5 min light-dark cycle 

( L D C ) significantly descreased the C h i a/b protein complex I I . p igments on the one 

hand (MARÓT!, 1982), and in a degree depending on the genotype it shrinks and fiat-

tens the corn mesophyl l chloroplasts on the other hand (MARÓTI and PATAKY, 1982). 

The question arises whether the decrease in neoxanth in , lutein and Chl-b, and the 

flattening o f the chloroplasts, resp. are in connection with the thylakoid number per 

g ranum. 

In this paper a demonstrat ion is given o f the relat ionship between the afore-men-

tioned effects o f the 15—7.5 m in L D C and the shape, number and area-ratio o f the 

grana. 

Mater ia ls and methods 

Zeamays L. : 165 and 523 Pioneer* inbred lines and 3901 hybrids were used for studies. The 
plants were grown in phytotron — HORVÁTH (1972)—, on a mixture of perlit and sand 1:1 (volume), 
HOAGLAND — REYSS et BOURDU (1970) — in nutriment solution with light intensity of 32 W/m2 and 
constant temperature of 20 ± I °C. 

The daily amount of light (light intensity x period) was the same. The control plants were grown 
in 16h continuous light and 8 h dark, while in the short cycle experiments alternaiing periods of 15 
min light and 7.5 min dark were applied. Light lubes F „ served as the source of illumination. 

The water capacity was 70%. The plants were watered daily with distilled water, the aliments 
were supplemented with 20 ml of nutriment-solution twice weekly. The dry weight of the five weeks 
old plants was measured according to the different organs after drying at 70 °C. 

For elecironmicroscopic studies samples were taken from the middle part of the fifth leaves 
The leaf pieces with diameters of 0.5—1 mm were fixed in 3% glutaraldehyde. then contrasted with 
2% KM„0 , solution, dehydrated in an ethanol series, and embedded into a Durcupan-ACM mixture. 
The seciions prepared with a Reichert ultramicrotome were stained with Pb-citrate. 

Photographs were prepared of ihe mesophyll chloroplasts with Tesla BS 242E and Tesla BS 50 
electronmicroscopes. On the photograps of the given magnifications measurings were carried out on 
ihe planar size of the plasts (where the envelope was not observable well enough, the line of the stro-
ma was taken as the limit of the area), the number, "width" and "height" measurements of the grana 
as well as ihe amount of granum) thylakoid. 30-^10 plasts were evaluated according to the various 
treatments. 

Results 

1. AREA-RATIO A N D AMOUNT OF GRANA 

In the 16—8 h L D C the area o f grana amoun ted to cc 30% o f the cut-surface 

(area) o f the whole chloroplast in the three corn geno-types. In these chloroplasts 

20—25 grana could be found per cut-surface. Regard ing the number and area-ratio 

o f granum no significant changes could be observed between the various corn geno-

types. 

The ratio o f grana, as well as the single stroma membranes and the stroma, resp. 

cannot be reliably given here due to the inadequate resolution o f the BS 242 E elect-

ronmicroscopic photographs. 

•The corn kernels were obtained from Dr. LÁSZLÓ KÁLMÁN, Cereal Research Institute of Sze-
ged. 
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In the 15—7.5 min L D C the surface quota o f the grana (10—15%) decreased nearly 

to the hal f compared to the 16—18 h control. The granum number slightly decreased 

— 10—15 per cut surface — on the effect o f the short light period. The lower decrease 

in the amoun t o f grana and the higher decrease in the grana area was in connection 

with the fact that in the 15—7.5 min L D C the grana were made up o f less thylakoid 

than in the 16—8 h L D C . 

2 . T H E EFFECT OF SHORT LIGHT PERIOD ON THE SHAPE OF G R A N A A N D THE 

RATIO GRANA/THYLAKOID 

Dur ing the period o f cont inuous i l luminat ion (16—8 h L D C ) grana consisting 

o f many compartments developed by the multiple adherence o f the thylakoids (Th) 

in the mesophyll chloroplasts ( M chip) , in the case o f all three genotypes o f corns. To 

determine more exactly the grana/thylakoid ratio the grana were separated into gro-

ups, namely, those made up o f 2—4, 5—8, 9—10, 11—12, 13—14, 15—20, 20—35 

thylakoids. The distribution according to percentage was calculated in tese 7 groups 

(Fig. 1). 

In all three types o f corns the most frequently occurring grana were those consis-

ting o f 5—10 Th-s. Grana made up o f the highest amount o f Th and the lowest amo-

unt o f 2—8 Th-s were found in the M c h p o f the corn 165. 

The number o f grana consisting o f 2—8 thylakoids was significant in the M c h p 

o f the line 523, and in the hybrid corn 3901 the distribution o f the lowand high amo-

unt o f thylakoid-containing grana was proport ional . 

It seemed a general rule that with the increase of thylakoid aggregation: 

— the grana developed the form o f narrow and high columns, their height/ 

width ratio increased. 

— the various partition lengths and the stacking surface of the various grana 

compartments decreased. 

The 15—7.5 min L D C showed partly uniform and partly genotypdependent influence 

on the mesophyll chloroplast structure o f the three corn types. 

The general effect o f the short cycle was that the intact grana consisting o f 14—35 

thylakoids did not develop, while those made up o f 2—4 thylakoids occured in 50— 

70% (Fig. 1). 

The differing effect o f the 15—7.5 min L D C showed manifestation on the orga-

nization o f the internal lamella system in two basic forms. 

One o f the types — represented by corn 523 — was characteristic o f the fact that the 

ratio o f the stacked and single lamellae did not show essential differences, never-

theless : 

— such grana developed which lower height and were wider; 

— the grana made up of 2—4 thylakoids were predominant (cc 50%), those stan-

ding o f 5—8 Th-s were also frequent, (cc. 30%), and those having 14—35 

Th-s were missing; 

— there was an increase in the stacking surface o f the grana disc, and in the ra-

tio o f the end granal membranes; 

— the grana showed a more sporadical arrangement than in the 16—8 h L D C 

(Plate I I , Fig. I). 

The other type o f effect o f the short cycle was observable in the Mchp-s o f the 

corns 165 and 3901. Here the ratio o f the length o f grana and stroma lamellae showed 

significant alteration on the effect o f the 15—7.5 min L D C , since: 

— the membranes o f the high grana showed "mosa ic " swelling, became loose and 

decomposed; 
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— whole grana disappeared as the consequence o f the destruction o f the granum 

partitions, therefore the stroma lamellae predominated in these chloroplasts 

(Plate I, I I I ) . 

3. Detection o f starch in the mesophyll chloroplasts 

Generally 40 M chloroplast sections were studied per corn. In the 16—8 h L D C 

the highest amoun t o f starch was found in the hybrid 3901, 3—4 were frequent per 

plast. Starch was observed in about 50% o f the M chloroplasts o f corn 165. The 

Fig. 1. The percental change of thylakoid aggregation on the effect of long (16—8 h) and short 
(15—7.5 min) light periods. The sample was taken from the three corn genotypes (P 165, 
P 523, P 3901) at five weeks of age, from the middle part of the fifth leaves. 

Plate I. Zea mays L . Pioneer 165 

1. light-dark cycle 16—8 h (30 000 X) 
2. light-dark cycle 15—7.5 min (30 000 X) 
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lowest a m o u n t was found in the M chloroplasts o f c o m 523; in on ly 12 f rom 40 chlo-

roplasts. 

In the M chloroplasts o f the leaves grown in the short 15—7.5 min L D C on ly a lower 

a m o u n t a nd degree o f starch occurred. It was str iking that on ly smal l starch granules 

were f ound in the large „starch holes" . N o , or on ly smal l a m o u n t o f starch was ob-

served in the granal chloroplasts o f loose, swollen structure. 

Discussion 

The a m o u n t o f internal lamella system o f the chloroplasts as well as the g r anum 

format ion largely depend on the light intensity. 

F r o m the examinat ion of the light and shadow plants (ANDERSON, 1973; PRIOUL, 

1973; VLASZOVA and OSZIPOVA, 1973) it can be seen that in the shadow plants 

the g r anum format ion is increased, the surface o f the membranes fal l ing o n a un i t 

area is large. The dependency o f g r anum format ion on light intensity is a lso supported 

by the experiments o f BOARDMAN et al. (1974) carried out on Alriplex. The decrease 

in l ight intensity also presumably plays a significant role in the fact that the complete 

length o f the part i t ions per g ranum is higher in the spongy parenchymal chloroplasts, 

and the ch lorophyl l a /b ratio is lower than in the pal isade parenchyma (MAR6TI a nd 

G A B O R , 1 9 7 6 ; M A R 6 T I , 1976) . 

The quest ion aries that besides the same light intensity a nd same dai ly a m o u n t 

o f l ight, to what extent does the length a nd ratio o f the light-dark periods affect gra-

n u m fo rma t i on? 

In the varying light-dark cycles where the L / D ratio is 1/50 or less (STRASSER and 

SIRONVAL, 1972; STRASSER and BUTLER, 1976) there is no norma l g r anum format ion . 

In the single and long-streched adhered doub le , so-called pr imary thylakoids develo-

ped in such a way the synthesis o f the pigments, l ipids and proteins, and their integ-

ration into funct ional units, resp. is restrained (AKOYUNOGLON, 1977; AKOYUNOGLON 

a n d A R G Y R O N D I - A K O Y U N O G L O N , 1978) . 

HORVATH and MIHALIK (1978) cult ivated mustard in cont inuous , 3—21 h long 

L D C , a nd in such a rhythmic i l l umina t ion where the 30 m in o f light was fo l lowed by 

increasing: 30 ,60 , 120, 240 ,360 ,480 min . long dark periods. In the 15 days o ld plants , 

due to the rhythmic i l luminat ion the number o f grana a nd stroma thy lako ids incre-

ased compared to the3 h long con t inuous light. This result shows that in the case o f a 

low dai ly a m o u n t o f light and 1/7 light-dark ratio the periodical light stimulates the 

format ion o f grana and stroma thylakoids better than the cont inuous i l l umina t ion . 

O n the contrary, one o f the characteristic effects o f our 15—7.5 m in L D C expe-

riments was that in the mesophyll chloroplasts o f corns 165 and 3901 the number o f 

grana thylakoids decreased and the intact grana consisting o f many (14—35) thylako-

ids were missing (Fig. 1). O n e o f the characteristic unfavourable effects o f the 15—7.5 

min L D C was that compared to the 1 6 — 8 h L D C — it decreased the dry matter content 

in the studied corns (MAR6TI and MIHALIK, 1982). The quest ion is whether this is in 

connect ion with the dai ly amoun t o f i l l umina t ion , light intensity, or the length o f the 

light-dark per iod? 

In the 16—8 h a n d 15—7.5 min LDC-s the dai ly i l luminat ion was 16 hours , the 

light-dark ratio was 2/1, nevertheless, in the short cycle the leaves o f the p lants were 

Plate I I . Zea mays L . Pioneer 523 

1. light-dark cycle 16—8 h (30 000 X) 
2. light-dark cycle 15—7.5 min (30 000 X) 
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Plate I I I . Zea mays L . Pioneer 3901 

1. light-dark cycle 16—8 h (30000 X) 
2. light-dark cycle 15—7.5 min (30 000 X) 
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pale green, yellowish-green. The assumption arises that the amoun t o f light is moder-

ate in the 15—7.5 min L D C , the leaves become etiolated, therefore normal granules do 

not develop. 

As a matter o f Tact, the light intensity o f 32 W m - 2 and the 512 W m ~ 2 amount o f 

light is not sufficient for the normal development o f the corns, however, this cannot 

be the cause o f the unfavourable effect o f the 15—7.5 min L D C , since they grew 

under the same amoun t o f light as the control plants. 

It has been demonstrated (MAR6TI, 1981) that the decrease in pigment-content is 

not due to the inhibit ion o f synthesis, but to the destructive effect o f the short cycles. 

In the short L C D s firstly the pigments o f the Ch l -a/b protein complex become dam-

aged : 

— the amoun t o f chlorophyll decreases, the decomposit ion o f Chl-b is particu-

larly significant, thus the ratio o f Ch i a/b increases, 

— from the carotenoids, the decrease o f neoxanthin and lutein indicates the 

destructive effect o f the short cycles the best. 

It can be concluded from the non-complete destruction o f neoxanthin and Chl-b 

that only one component (that o f 25—30 Dal tons?) o f the light-harvesting Ch i a/b-

protein complex ( L H C ) becomes deficient. It is also probable that only the amount 

of pigments become fewer. 

O n t h e b a s i s o f t h e resu l t s o f THORNBER ( 1 9 7 5 ) a h d S IEFERMANN-HARMS ( 1 9 8 0 ) , 

as well as our comparative pigment and electronmicroscopic studies, resp., it is assu-

med that the stacked membrane surface is proportional to the amoun t o f neoxanthin. 

The fact is striking that relatively more becomes decomposed o f the content o f Chl-b 

and neoxanthin, lower in corn 523, the species accommodat ing better to the short cycle. 

It is also assumed that due to the frequent dark periods in the 15—7.5 min LDC-s 

the tight adhesion o f the grana thylakoids (MURAKAMI and PACKER, 1970; BARBER, 

1976; BARBER and CROW, 1979) becomes loose and deficient, resp., because o f the 

repeated proton efflux. Due to the deficient and looser adhesion, the neoxanthin, lut-

ein and Chl-b found on the surface o f the LDC-s become free and start to decompose. 

Therefore, the H + / M g 2 + exchange between the interthylacoid stacking surface and 

the loculus may be one o f the important regulators o f the grana aggregation. 

The observed significant increase in the amount o f grana consisting o f 2—4 thyla-

koids during the course o f the 15—7.5 min L D C is brought into connection with fore-

going. 

The mosaic-like loosening, "decompos ing" o f the partit ion o f grana containing 

many thylakoids can be explained by the frequently recurring dark-induced proton 

efflux, and the complete destruction o f certain light-harvesting Ch i a/b-protcin comp-

lexes. 
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