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Abstract 

We have studied the effect of the short light-dark cycles (LDC) of 30-15 and 15-7.5 min. 
on the size of chloroplasts and the accumulation of dry matter, on 5-week corn lines (Pioneer 
165 and 523) and a hybrid (No. 3901), raised in a phytotron (32 Wm" ' ) . 

Between the shrinkage of mesophyll-chloroplasts and the accumulation of dry matter, 
a positive connection was found in the 30-15 min. LDC. 

The two corn lines (165 and 523) responded to the 30-15 min. LDC contradictorily. The 
size of bundle sheath chloroplasts is in a positive correlation with the dry-matter production, 
its volume is determined to a great extent by the size and number of grains of starch contai-
ned in it. 

The 15-7.5 min. LDC considerably decreased the size of bundle sheath chloroplasts and 
reduced the quantity of dry matter. 

We suppose that in the short LDC the frequent dark-induced proton efflux disturbs the 
normal formation of grana and, on the other hand, inhibits the formation of the necessary pH 
difference on the two sides of the thylakoid membrane. 

Introduction 

A c c o r d i n g t o G A R N E R a n d A L L A R D ( 1 9 3 1 ) , A L L A R D a n d G A R N E R ( 1 9 4 1 ) , BONDE 
(1955), TUKEY a n d KETELLAPPER (1963), the equal l ight -dark cycles of 5 sec. each , 
1, 4 a n d 12 hou r s each , a r e f a v o u r a b l e fo r the accumula t ion of d r y ma t t e r . 

T h e o p t i m u m of the n o t equa l l ight -dark cycles is s h o w n , acco rd ing t o KETELL-
APPER (1965), by the r a t io be tween the length of light per iods a n d tha t of the fu l l 
cycle, the value of the so-cal led p h o t o f r a c t i o n . T h e cons iderab le inhibi t ion of g rowing 
by the s h o r t ( 1 -30 min.) , a p p r o x i m a t e l y equa l l ight-dark rhy thms , a n d their s t rong 
reduc ing effect on the a c c u m u l a t i o n of d ry ma t t e r were d e m o n s t r a t e d by m a n y 
r e s e a r c h e r s ( G A R N E R a n d A L L A R D , 1 9 3 1 ; PORTSMOUTH, 1 9 3 7 ; BONDE, 1 9 5 5 ; F O G G , 
1 9 6 8 ; R A J A N e t a l . , 1 9 7 1 ; M A R Ó T I e t a l . 1 9 8 0 ) . 

A b o u t the effects o f l ight -dark cycles a t cell level, only few d a t a a r e k n o w n . 
T h e l ight- induced in vivo s h r i n k a g e of ch loroplas t was d e m o n s t r a t e d by s o m e 

researchers thus KUSHIDA et al. (1964), HILGENHEGER and MENKE (1965), MAKAROV 
et al . (1976), NOBEL (1967), ZURZYCKI (1974). T a k i n g the v o l u m e o f ch lo rop la s t 
he ld in the d a r k as 100 pe r cen t , t h e decrease of vo lume c h a n g e d be tween 15 a n d 
30 per cen t . HELDT et al . (1973) c o u l d no t observe a n y l ight - induced c h a n g e in 
the size in isolated ch lo rop las t s . 

Acco rd in g to ZURZYCKI a n d METZHER (1977): " t h e s h a p e of ch lo rop las t s 
d e p e n d s on two fac to r s : the r igidity of the in ternal s t ruc tures a n d mechan ica l effects 
of the s u r r o u n d i n g c y t o p l a s m " . T h a t ' s why we s tudied the effect of the s h o r t l ight-
da rk cycles on the size of ch lo rop las t s . O n the o ther h a n d , it was d e m o n s t r a t e d by 
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M U R A K A M I a n d P A C K E R ( 1 9 7 0 ) , H I N D e t a l . ( 1 9 7 4 ) , K R A U S E ( 1 9 7 7 ) , D U N I C e t a l . 
(1979) t ha t the reduc t ion of the size o f ch lo rop la s t is in connec t ion wi th l ight-
i nduced ion ( H + , M g + , K + ) exchanges , the loss o f water , a t t e n u a t i o n o f t h e m e m b r a n e 
T h e a t t e n u a t i o n o f m e m b r a n e s org ina tes f r o m the energizing effect o f t h e l ight-
induced p r o t o n g rad ien t . 

A f t e r al l , t h e degree of the sh r inkage of ch lo rop la s t s d e p e n d s on the in tens i ty 
of the pho tosyn the t i ca l l ight react ion. T h u s , it is t o be s u p p o s e d tha t f r o m the 
changes in the size o f ch lo rop las t s we can d r a w conc lus ions conce rn ing t h e o r g a n i c 
m a t t e r p r o d u c t i o n , as well. 

A c c o r d i n g t o MUSTARDY e t a l . (1976, 1981), as a result o f t h e l ight and N a + ions, 
the m e m b r a n e s of s t r o m a taper off in a m u c h lower degree t h a n t h e m e m b r a n e s o f 
g r a n a . T h e cons ide rab le a t t enua t ion of the n o r m a l m e m b r a n e s of g r a n a takes p lace by 
the pa r t i c ipa t ion o f the l ight-harvest ing Chi a / b prote in c o m p l e x ( L H C ) . T h e 
c h a n g e in t h e size o f ch lo rop la s t s depends , the re fo re , pr imar i ly on the n u m b e r a n d 
size of g r a n a a n d this may be interes t ing a t c o m p a r i n g the " k i n d " p roper t i e s . Of 
the near ly equa l l ight -dark cycles induced changes in ch lo rop las t there is o n l y k n o w n 
a little i n f o r m a t i o n , ob ta ined by a n electron mic roscope (e.g. REYSS e t a l . , 1970; 
H I R S C H A U E R e t a l . , 1 9 7 1 ) . 

T h e 3 0 - 1 5 min . l ight-dark r h y t h m s induce cons ide rab le his tological a n d m o r p h o -
logical changes in beans and m u s t a r d (MAR6TI et al . 1980). In o u r expe r imen t s in 
the p h y t o t r o n , w e have , the re fo re , l ooked for a n answer t o : 

— W h a t k ind o f effect is exerted by the 3 0 - 1 5 and 15-7.5 min . L D C on the 
size o f ch lo rop la s t s and if the c h a n g e in the in vivo sect ions can be m e a s u r e d by 
a light m ic roscope? 

— Is t he re a n y d i f ference in the c h a n g e of s ize o f mesophyl l and b u n d l e s h e a t h 
c h l o r o p l a s t s ? 

— W h a t kind of conc lus ion may be d r a w n f r o m the size o f c h l o r o p l a s t c o n -
ce rn ing pho tosyn thes i s , the a c c u m u l a t i o n of o r g a n i c m a t t e r ? 

D o the single c o r n lines respond to light t r e a t m e n t equa l ly? 

Mater ia l s and Me thods 

For the experiment, Zea mays L: Pioneer inbred corn lines 165 and 523, resp. Pioneer 
hybrid 3901 were used.* The plants were raised in a phytotron (HORVÁTH, 1972), with 400-700nm 
wave-length interval, under light-tubes F „ , at 20+1 °C daily temperature and 50-70 per cent 
relative moisture-content. 

At identical daily illumination, light treatments were as follows: 
(a) Light-dark rhythms (LDC) of identical intensity: 16-8 hrs; 30-15 resp. 15-7.5 min 

light-dark periods. Light intersity: 32 Wm"' . 
(b) Light-light rhythm (LLC) of changing intensity: 16-8hrs. 30 min. (30.75 Wm~ ! ) - I5 min 

(2.5 Wm"1) light-light periods. 
Plants were raised in a mixture of sand-pearlite of ration 1:1, with Hoagland's nutrient 

solution, modified by Reyss and Bourdu (1971), till their 5-week age. Water capacity of the 
sand-pearlite culture was daily set with distilled water to 70 per cent. In an experiment, in four 
climatic chambers (with four kinds of light-treatment), in 4 times 8 pots 96 plants were raised 
from one "kind" of plants. The experiment was repeated 3 times in different times. The size 
of chloroplasts was established on the basis of two experiments and the quantity of dry matter 
from the means of the three experiments. The plants were elaborated at 5-week old. The dry 
weight was established after being fixed at 105 °C and then dehydrated at 70 °C, in each organ 

• Seed-corn obtained from Dr. János Németh. Cereal Research Institute, Szeged. 
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separately. For investigating into the size of chloroplasts, we took samples from the middle 
region of the fourth leaf (counted from below) of the 5-week old plants. There were collected 
as controls the leaves of plants raised in 16-8 hrs LDC, in experiment I after lhr illumination 
(at 8 o'clock in the morning), in experiment II at the end of an 8-hour long dark period (at 
7 o'clock). From the other rhythms, leaves were taken at the end of the light period. (Three 
leaves in each of the experiments and light treatments.) Leaves were cut by hand, resp. with an 
electrical (Kryomat) refrigerating microtome of type Leitz. The 20-30ft thick sections were 
covered with 1.5 p.c. glutar-aldehyde, 0.5 M potassium-phosphate (pH 7.3) buffer and immediately 
photographed with a polerizing photomicroscope Opton. The longest diameter and thickness 
of the chloroplast were measured from paper pictures of known magnification (N: 1969). In 
each experiment: one photographic datum is the mean of 60 measurements. 

Results 

1. T h e e f f e c t o f t h e s h o r t l i g h t - d a r k p e r i o d s 
o n t h e q u a n t i t y o f d r y m a t t e r 

T h e effect o f the 3 0 - 1 5 min . L D C on the invest igated d ry -ma t t e r accumula t ion 
of c o r n lines was d i f ferent . Th i s is par t icu lar ly s t r ik ing in lines 523 a n d 165 (Tab le 1). 

In the 30 -15 min . L D C , the t o t a l d ry m a t t e r o f c o r n 523 increased by 2 3 pe r 
cent and tha t o f t h e leaf by 38 p.c. , a s c o m p a r e d wi th t h e 16-8 hrs L D C . O n t h e 
o ther h a n d , a t c o r n line 156, the d ry we igh t , fa l l ing on each leaf , h a s n o t changed and 
the to ta l d ry m a t t e r decreased by 10 p.c. , as c o m p a r e d wi th 16-8 hrs L D C of t h e 
con t ro l (Tab le 1). 

T h e d r y - m a t t e r accumula t ion o f hybr id 3901 c o r n was less s t imula ted by the 
30 -15 min . L D C t h a n tha t of line 523 a n d was less inhibi ted t h a n t h a t o f line 165. 

Table 1. The effect of the light-dark periods of different length on the dry-matter quantity of 
5-week old corns. 

At identical daily illumination, in the 16-8 hrs, 30-15 and 15-7.5 min. LDC, light 
intensity was 32 W m " ' ; in the 30-15 min. LLC of continuous illumination, light 
intensity changed between 30.75 Wm"« and 2.5 W m " ' (30-15 min.). The following 
are the means of 36 plants in three experiments. 
("Other" = leaf sheath, leaf and stalk primordia.) 

Dry weight mg/plant 
Corns Light treatment Corns Light treatment 

root leaf other total 

P 165 16-8 hrs LDC 468.9 280.6 111.9 861.4 
30-15 min. LDC 415.7 273.5 88.9 778.1 
15-7.5 min. LDC 492.2 223.5 75.3 791.0 
30-15 min. LLC 511.8 278.0 111.7 901.5 

P 523 16-8 hrs LDC 472.6 222.6 97.0 792.2 
30-15 min. LDC 528.1 307.2 112.5 974.8 
15-7.5 min. LDC 419.2 206.6 75.3 701.1 
30-15 min. LLC 475.0 238.0 95.4 808.4 

P 3901 16-8 hrs LDC 725.0 400.8 170.2 1296.0 
30-15 min. LDC 662.5 489.5 169.6 1321.6 
15-7.5 min.LDC 678.0 335.0 127.3 1140.3 
30-15 min. LLC 681.2 455.5 168.9 1305.6 



98 I. MAROTI A N D SZER£N PATAKY 

Hybrid 3901 has outs tandingly utilized the light, in spite of light intensity 32 W m - 2 

which is low for corns . As compared with the the two lines, it gave a max imum dry-
mat te r product ion in every rhy thm. T h e 15—7.5 min. L D C considerably diminished 
the quant i ty of dry matter , both a t the two lines and the hybrid . The degree of the 
total dry-mat ter decrease was the highest (12 p.c) a t corn line 523 (Table 1). 

The increase in the dry-mat ter of corn lines was favourably influenced by the 
cont inuously i l luminated 30-15 min. L L C of rhythmical ly changing s t rength. As 
compared with the 16-8 hrs L D C , in the 30-15 min. L L C the increase in dry ma t t e r 
is insignificant but the difference is str iking if we c o m p a r e the dry-mat ter p roduc t ions 
induced by the 30-15 min. L D C and the 30-15 min. L L C . 

The 30-15 min. L D C increased the d ry-mat te r quant i ty of corn line 523 by 
23 per cent and decreased that of corn line 165 by 10 per cent . O n the o ther h a n d , 
the 30-15 min. L L C of con t inuous light modera ted the accumula t ion of the total 
dry mat ter at corn line 523 and increased it a t 165, as compared with the 30-15 
min. L D C . 

T h e shor t rhythms of 30-15 and 15-7.5 min. caused only a slight change in the 
dry-mat ter accumula t ion in the organs of corn lines. T h e " f a v o u r a b l e " resp. " i n -
f avourab le" effect of the shor t l ight-dark periods pr imari ly manifests itself in the 
dry-mat ter quant i ty of the intensively growing leaves, leaf sheaths and stalk- and 
leaf-primordia. 

2. T h e e f f e c t o f a l t e r n a t i n g l i g h t - d a r k c y c l e s o n t h e s i z e 
o f c h l o r o p l a s t s 

Corn lines 165 and 523 considerably differ f rom each o ther in the size of ch loro-
plasts and in their reactions given to the 30-15 min. L D C , as well. 

T h e mesophyll and bundle sheath chloroplas ts of line 165 are lareer than those 
of corn line 523 (Table 2). 

T h e 30-15 min. L D C hardly changed the d iameter of mesophyll chloroplas ts 
(Mchp) of corn line 165, at the same time, however , it considerably increased their 
thickness. Oppos i t e to the swelling of M c h p 165, the d iameter and thickness of 
M c h p of corn line 523 also considerably decreased (Table 2, Fig. 1). 

The full vo lume of bundle-sheath chloroplasts (Bchp) was considerably in-
creased by 30-15 min. L D C in case of both co rn lines (165 and 523). It is to be 
seen even with a light microscope that chloroplasts — with the exception of 15-7.5 
min. L D C — are full of starch (Table 2, Plate I , picture 3 ; Plate II, pictures 2 , 3 ; 
Plate IV, pictures 3, 4). A t corn line 523, the da rk green co lour of Bchp is s t r ik ing; 
its cells are full of chloroplas ts (Plate II , picture 2). 

T h e diamater of the Mchp-s of line 165 was a little reduced by the 15-7.5 min. 
L D C . It is obvious that in case of corn line 523, the change in M c h p is insignificant. 
A t the change in Mchp-size, it can less be observed that the 15-7.5 min. L D C is 
unfavourable for the development of plants, for the accumula t ion of dry ma t t e r . 
T h e damaging effect of this rhy thm is, however, shown by several facts : 

— As a result of the 15-7.5 min. L D C , the size of Bchp-s strikingly decreases at 
both corn lines. 

— In Bchp , hardly any s tarch can be seen. 
— The Mchp-s a re yellowish green, very easily burst asunder , break in to pieces. 
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(Tab le 2. , P la te I I I , pictures 1, 2 , 3 . ) 
T h e d i a m e t e r o f M c h p - s of c o r n line 165 was a little reduced by the 3 0 - 1 5 min . 

L L C of c o n t i n u o u s i l luminat ion bu t o f rhy thmica l ly chang ing s t reng th , its th ickness 
was cons ide rab ly increased by the s a m e . T h e size of M c h p - s o f c o r n line 523 w a s 
s o m e w h a t reduced in this r h y t h m , resp. it ha rd ly changed (Pla te IV, p ic tures 1, 2). 

T h e Bchp-s a r e the largest in t h e 3 0 - 1 5 min . L L C , they a r e full of s t a r ch (P la te 
IV, p ic tu res 3, 4). 

T h e c h a n g e in the thickness of Bchp-s s h o w n an oppos i t e t endency a t the t w o 
lines. A t line 165, the th ickness o f Bchp-s cons ide rab ly increases, in con t r ad i c t ion 
to line 523, w h e r e t h e thickness o f Bchp-s on ly a little changes , as c o m p a r e d with the 
c o n t r o l and the 30 -15 min . L D C (Fig. 1). 

A p a r t f r o m the differences, man i fe s t ina themselves in the size of t h e ch lo ro -
plasts o f the t w o lines a n d in the t endency o f ch lo rop la s t s to c h a n g e their size, t h e 
t issue s t ruc tu re o f leaves a lso cons ide rab ly changes , as a result o f t r ea tmen t s . In 
addi t ion t o phenolog ica l observa t ions , leaf cross-sect ions were a lso m e a s u r e d . On 
the basis of s o m e no t publ ished results , the m o s t obvious changes a re t h e fo l lowing : 

Table 2. The effect of light treatments of short rhythm on the size of chloroplast of the fourth 
leaf of 5-week old corn lines. 

The light treatments are identical with those described in Table 1. The chloroplasts 
of 16-8 hrs LDC were measured in experiment 1 after 1 h illumination, and in experi-
ment II at the end of an 8 hrs dark period. At the other rhythms, the chloroplasts 
originate from the end of the light cycle. The chloroplast diameter means the longest 
diameter resp. largest thickness in /i. (The data are the means of 60 measurements.) 

Maize Light treatment 
Change in the size of chloroplasts (//) Maize Light treatment lines Light treatment 

mesophyll chl. pi. bundle sheath chl. pi. 

experiment 1 diameter thickness diameter thickness 
P 165 16-8 hrs LDC 5.3 3.1 7.9 5.3 

30-15 min. LDC 5.3 4.4 8.5 5.6 
15-7.5 min. LDC 4.5 3.4 6.8 4.5 
30-15 min. LLC 5.0 4.1 8.6 6.1 

P 523 16-8 hrs LDC 4.3 3.2 6.4 4.3 
30-15 min. LDC 3.9 3.0 6.9 4.9 
15-7.5 min. LDC 4.2 3.1 6.1 3.6 
30-15 min. LLC 4.1 3.1 7.1 4.8 

experiment II 

P 165 16-8 hrs LDC 5.4 3.4 7.6 5.1 
30-15 min. LDC 5.6 4.7 8.6 5.8 
15-7.5 min. LDC 4.9 3.5 7.1 4.4 
30-15 min. LLC 5.1 4.2 8.7 6.0 

P 523 16-8 hrs LDC 4.2 3.2 6.6 4.5 
30-15 min. LDC 3.8 2.8 7.3 5.3 
15-7.5 min. LDC 4.3 3.1 6.0 3.6 
30-15 min. LLC 4.2 3.0 7.2 4.6 
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— T h e thickness of cell-walls (mesophyll . epidermis) are reduced by the 15-7.5 min. 
L D C . The cells are " e x p a n d e d " . The m o t o r cells a re strikingly increased. 
They run to abou t 50 per cent of the thickness of the leaf-blade. This refers 
to increased water content , as well. T h e water quant i ty , falling on 1 g d ry 
weight in the 15-7.5 min. L D C , at corn line 523, is 19 per cent and a t corn 
line 165, 2 per cent — m o r e in the four th leaf, as compared with the cont ro l . 
T h e large vascular bundles a re normally developed (Plate IV, picture 4 ; Pla te V, 
picture 6). 

— T h e leaves of the individuals, g rown in the 30-15 min. L D C and 30-15 min. 
L L C , arc more "mass ive" . In ease of line 523, part icularly the bundle shea th 
cells are filled, a lmost fully, by chloroplasts . In case of line 165, this effect is 
m o r e modera ted (Plate V, pictures 3, 4 , 5). 
O n the leaves of cont ro l individuals the changes described above canno t be 
observed (Plate V, pictures 1 , 2 ; Pla te I, p ic ture 4). 

Discussion 

1. D r y - m a t t e r p r o d u c t i o n a n d t h e l e n g t h o f t h e l i g h t - d a r k c y c l e s 

A t establishing the op t imum length of the l ight-dark cycles, we should take into 
considerat ion that certain p lants need a different l ight-dark per iod for the generative 
and vegetative developments repectively. W e have only investigated in our experi-
ments the vegetative growth . T h u s we consider as o p t i m u m the L D C , producing 
the highest dry-mat ter product ion dur ing the t ime unit with identical i l lumination and 
light quant i ty . 

According to HORVATH et al. (1977, 1978), MAR6TJ et al. (1980), the 30-15 min. 
and even longer L D C may have, depending upon the peculiarity of the kind, several 
op t imum lengths, too. O n the o the r hand , the 15-7.5 min. L D C is unambiguous ly 
unfavourab le for the accumula t ion of dry ma t t e r . The time of daily i l lumination 
and the quant i ty of energy a re identical in the 16-8 hrs , 30-15 min. and 15-7.5 min . 
L D C . So the quest ion rises, why the 15-7.5 min. L D C is ha rmfu l . 

T h e quant i ty of dry mat ter depends — according to ALLARD and GARNER 
(1941) — primari ly on the length of light periods. 

The op t imum length of L D C can be best illustrated — according to TUKEY 
et al. (1963), KETELLAPPER (1965) — by the ra t io between the length of the light 
per iod and that of full cycle. If this ra t io is 5 /6 (e.g.: 2 0 - 4 hrs , 30-6 and 15-3 min . 
L D C ) , then a max imum dry mat te r can be ob ta ined . 

According to the literary da ta , in our L D C the length of the light per iod is 
shor t . HURD'S investigation (1973) seems to s u p p o r t this, as well. H e changed — a t 
an identical daily i l lumination of 8 hrs (20 W m - 2 ) l ight — 16 hrs da rkness ; 8 h rs 
(18 W M - 2 ) light + 8 hrs (2 W m - 2 ) light — 8 hrs darkness — light intensity and the 
length of the L D C period. In photoper iod 8 + 8 light — 8 darkness he ob ta ined 
100 per cent more dry matter than in the 8-16 hrs L D C . 

Despi te the literary da ta , seemingly the unfavourab le effect of shor t rhy thms 
is only slightly connected with the relative length of the l ight-period, because: 

— T h e ratio of the length of the licht-period and that of the full cycle was identical 
in all L D C , i.e. 4/6. 

— In the same 30-15 min. L D C , the total d ry mat te r of corn line 523 is the mos t , 
and that of corn line 165 is the least, as compared with the o ther light t rea tments . 
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— In the p lan t s invest igated by the a u t h o r s of this paper (maize, t oma toes , beans) , 
the q u a n t i t y of d ry m a t t e r was s t rongly reduced by 15-7.5 min . L D C . Th i s 
cons ide rab le inhibi t ion o f t h e shor t r h y t h m s is surpr is ing because the s econd-
a n d the a - few-seconds- long L D C - s p r o d u c e an o u t s t a n d i n g o rgan ic m a t t e r 
( G A R N E R a n d A L L A R D , 1 9 3 1 ; F O G G , 1 9 6 8 ) . 

Accord in g t o o u r suppos i t i on , the u n f a v o u r a b l e L D C - s p r imar i ly d i s t u r b the 
accumula t ion of thy lako id loculi and the f o r m a t i o n o f the d i f ference of p H , necessary 
on the t w o sides o f t h e m e m b r a n e . T h e d a m a g i n g f ac to r or ig ina tes f r o m the o f t en 
repea ted d a rk per iods , f r o m t h e s u m m a r i z e d p r o t o n emission (MAR6TI e t . a l , 1981). 
All these man i fe s t themselves initially in the t roub le of p r o t o n - t r a n s p o r t , the swelling 
of the ch lo rop la s t , and later o n , in the des t ruc t ions of the m e m b r a n e and the decrease 
in size of t h e ch lorop las t . 

2. T h e v o l u m e o f c h l o r o p l a s t a n d t h e p r o d u c t i o n o f o r g a n i c m a t t e r 

O u r exper imen t s conf i rm NOBEL'S observa t ion tha t the sh r inkage of ch lo ro -
plas ts refers t o an in tensive pho tosyn the t i c func t ion ing . T h e close coincidence o f 
the smal les t size of the invest igated c o r n M c h p - s and the largest q u a n t i t y of the to ta l 
dry m a t t e r is s t r ik ing in the 16-8 hrs a n d 30 -15 min . L D C - s (Fig. 1). 

T h e r e is an o p p o s i t e c h a n g e in the size of the Mchp-s of the t w o c o r n lines a n d 
the a c c u m u l a t i o n of d ry m a t t e r in the 30 -15 min . L D C . T h e size of M c h p 523 in 
this L D C is the smal les t and largest d ry ma t t e r p roduc t ion . T h e M c h p th ickness o f 
line 165 is s t r ik ingly the largest in the 30 -15 min . L D C . At t h e s a m e t ime, i ts d ry 

Fig. I. Size of mesophyll and bundle sheath chloroplasts and change in the total dry weight, 
due to the 16-8 hrs, 30-15, 15-7.5 min. light-dark cycles (LDC) and to the 30-15 min. 
light-light cycle (LLC). 
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Plate I. Effect of the 16-8 hrs LDC. 

Picture 1: Pioneer line (P. 1.) 165. Picture 2: Pioneer line 523: the difference by size of meso-
phylls and bundle-sheath chloroplasts of identical magnification (xlOOO). Picture 3: 
Grains of starch in the bundle-sheath chloroplasts, P. 1. 165, Magnification: xl580. 
Picture 4: leaf cross-section, motor cells. P. 1. 165, magnification: x545. 
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Plate II. Effect of the 30-15 min. LDC. 

Pictures 1 ,3 : Mesophyll and bundle sheath chloroplasts of P. 1. 165, magnification: xlOOO 
(picture I), xl580 (picture 3). Picture 2: mesophyll and bundle sheath chloroplasts of 
P. 1. 523, magnification: xlOOO. Picture 4: Leaf cross-section of P. 1. 523, magnifica-
tion: x810. 
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Plate III. Effect of the 15-7.5 min. LDC. 

Picture 1: P. 1. 165, Picture 2: P. 1. 523: degraded mesophyll and bundle sheath chloroplasts 
of identical magnification (x 1000). Picture 3: in the bundle sheath chloroplasts of centrifugal 
arrangement there can hardly be seen any grains of starch. P. I. 165, magnification: xl580. 
Picture 4: the sclerenchyma-, phloem-xylem-part- and bundle sheath-cells of the cross-
section of large veins. P. 1. 523, magnification: xlOOO. 
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Picture 1: P. 1. 165, Picture 2: P. 1. 523, strongly increased bundle sheath chioroplasts of identical 
magnification (xlOOO). Pictures of the cross-section (Picture 3: P. I. 165) and of the longi-
tudinal section (Picture 4: P. 1. 523) of bundle sheath chioroplasts of centrifugal arrange-
ment, full of starch, of identical magnification (xl580). 
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Plaie V 

Picture 1. Picture 2: P. I. 523. Leaf cross-section of 16-8 hrs LDC, of magnifications x!63 
and x645. Picture 3: P. 1. 523. Leaf cross-section of 30-15 min. LLC. x416. Picture 4: 
P. 1. (magnification: x253) and Picture 5: P. 1. 165 (magnification: x204). Cross-section of 
leaves of identical light-treatment (30-15 min. LDC). Picture 6: P. 1. 523. 15-7.5 min. LDC. 
Cross-section of a leaf. Magnification: x253. 
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mat te r q u a n t i t y is the smal les t . A c c o r d i n g to the l i terature — NOBEL, 1967; MURA-
KAMI and PACKER, 1970b, MUSTARDY, 1981 — the a u t h o r s s u p p o s e t ha t the c o n -
s iderable swelling o f the M c h p of line 165 (in 3 0 - 1 5 min . L D C ) or ig ina tes f r o m t h e 
th ickening o f g r a n u m m e m b r a n e s . O w i n g t o the of ten repea ted d a rk p e r i o d s : 

— O n t h e two sides of thy lako id , t h e necessary p r o t o n g rad ien t is no t f o r m e d . 
T h e A T P f o r m a t i o n d e c r e a s e s ( H I N D a n d J A G E N D O R F , 1 9 6 3 ; P I C K e t a l . , 1 9 7 3 ) . 

— T h e M g ' 2 + / H + exchange between t h e loculus and par t i t ion is defect ive . A c c o r d -
i n g t o B A R B E R ( 1 9 7 6 ) , B A R B E R a n d C R O W ( 1 9 7 2 ) , t h e M g 2 + b o n d b e t w e e n t h e 
light, harves t ing complex ca rboxy l g roups , which is i m p o r t a n t f r o m the view 
p o i n t o f m e m b r a n e - a d h e s i o n , does no t t ake place , resp. it is bu t par t ia l . 

— Acco rd in g to MURAKAMI et PACKER (1970b), the g rana a r e swell ing because the 
ca rboxy l g r o u p s in the m e m b r a n e s ( R - C O O - ) a re hyd ra t ed . T h e ques t ion 
rises, why c o r n line 523 r e sponds j u s t oppos i t e to the 30 -15 min . L D C . 

Acco rd in g t o ou r suppos i t i on , in t h e M c h p of line 523, a t the app l ied 32 W m ~ 2 

light in tensi ty , the necessary p r o t o n g rad ien t is earlier f o rmed . O u r hypothes i s 
(MAR6T1 et. al . , 1981) is s u p p o r t e d by t h e fo l lowing fac t s : 

a ) T h e — loculus p H - d e p e n d i n g — xan tophy l l cycle of ch lo rop las t s 523 is fas te r 
t h a n tha t of line 165. 

b) O n the basis of the q u a n t i t y p i a m e n t s (chlorophyl l b, lutein, n e o x a n t h i n ) of 
t h e l ight-harvest ing C h i a / b - p r o t e i n complex ( L H C ) , t h e v o l u m e of a ch lo ro -
plas t g r anum- locu lus is, in case of c o r n line 165, m u c h larger t h a n tha t of l ine 
523. The re fo re , the de te rmined p H difference (5-9) between t h e c losed inner 
a n d o u t e r membrane - spaces o f M c h p 165 is f o r m e d compara t ive ly s lower . 

c) T h e sh r inkage of the M c h p , i nduced by the 30 -15 min . L L C of c o n t i n u o u s 
i l luminat ion , a s well as the h igh va lue of the d ry ma t t e r p r o d u c t i o n seem t o 
s u p p o r t o u r except ion tha t the d a m a g i n g effect of shor t r h y t h m s or ig inates f r o m 
t h e p r o t o n emission o f the f r e q u e n t l y repea ted da rk per iod ( the in t r a thy lako id 
space) . 

But the final decision o f these ques t ions , requi res f u r t h e r many-s ided investiga-
t ions. 

T h e u n i f o r m decrease in the size of M c h p in the 15-7.5 min . L D C or ig inates f r o m 
the — supposed ly m o r e increased — m e m b r a n e des t ruc t ion . It is s h o w n by o u r 
p igment invest igat ions (MAR6T1 et a l . , 1981) t ha t pr imar i ly the l ight -harves t ing Chi 
a /b -p ro te in complex is d a m a g e d . 

T h e size of Bchp s h o w s a pos i t ive c o n n e c t i o n with the q u a n t i t y o f d ry ma t t e r . 
It is cons iderab ly de te rmined by the n u m b e r a n d size of the gra ins of s t a r ch in it. 
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