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Abstract 

Differences were studied in the performance (the dry matter production in connection with C 0 2 
assimilation, leaf area, ratio of photosyntheti/.ing tissues, malate, sucrose, starch contents of the leaf) 
between the XQ and XS genotypes (deepoxidating violaxanthin quickly (XQ) as well as slowly (XS( 
during the induction period of photosynthesis) of the C3 type bean. We observed the differences of the 
acclimation of the plants were grown al 3 light regimes: medium light (ML): 200 nmol .m" l . s" ' 
photosynthetic photon flux density (PPFD) and 16 h — 8 h light dark period (LDP): low light (LL): 100 
nmol.m " : . s" ' PPFD and 16 h 8 h LDP: short light (SL): 200 ymoI.m~J . s~1 PPFD and 30 min 15 
mill LDP. 

Dry matter reducing effect of the LL and the SL treatments seemed to be in connection with the low 
C 0 2 assimilation rate measured at the PPFD where the plants were grown and with the low quantum 
yield. Within a genotype the higher sucrose and the lower starch proportion on the effect of light 
treatments may be in connection with the higher shoot and lower root ratios. Comparing the XQ and XS 
genotypes of bean, we found that the malate. sucrose levels are lower and the starch level is higher in the 
leaves of the XQ than those of the XS genotypes. 

The quantum yield may be in positive correlation with chlorophyll a + b content and negative 
correlation with the light compensation point. 
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Introduction 

The differences in the performance of genotypes may be in close connection 
with the photosynthetic pathways. Fo r instance such differences are shown by the 
variation found between the photosynthet ic pathways of the C3 and C4 species of 
Panicum genus ( D O W N T O N , 1 9 7 5 ) and between the genotypes of Zea mays 
deepoxidat ing violaxanthin quickly (XQ) as well as slowly (XS) dur ing the 
induction period of photosynthesis ( M A R Ô T I . 1 9 8 6 ) . Our aim was to study the 
differences in the performance (the dry matter production being in connection with 
C 0 2 assimilation, leaf area, ratio of photosynthetizing tissues, malate, sucrose, 
starch content of the leaf) between the XQ and the XS genotypes of the C3 type 
bean. We observed the differences in the acclimation of the plants grown at medium 
and low photosynthetic photon flux densities and short light dark period. 
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T h e ca rboxy la t i ng s tep is well charac te r ized by the s lope of the initial pa r t of the 
curve of CO-, ass imi la t ion ra te versus incident p h o t o s y n t h e t i c p h o t o n flux dens i ty . 
Th i s initial s lope of the curve is the incident q u a n t u m yield tha t is lower in the C 3 
p lan t s (0.052 mol C 0 2 . m o ! 1 p h o t o n ) than in C 4 — N A D P — M E p lan t s (0.065 m o l 
C O j . m o l 1 p h o t o n ) ( E H L E R I N G E R a n d P E A R C Y , 1983). Since the o p t i m a l e lec t ron 
t r a n s p o r t needs equi l ibr ium be tween p r o d u c t i o n a n d c o n s u m p t i o n of the r educ t ion 
p o w e r ( N A D P H ) in the ch lo rop la s t , t he re fo re the expor t o f the reduc t ion p o w e r in 
the f o r m of m a l a t c plays an i m p o r t a n t role in the acc l imat ion to the c h a n g i n g 
c o n d i t i o n s ( S C H E I B E et al. 1986). On the o n e h a n d , the p h o t o s y n t h e t i c m a l a t c is the 
p r e c u r s o r of the t r icarboxyl ic acid cycle in the m i t o c h o n d r i u m , because the a m i n o 
acids of the t r icarboxyl ic acid cycle a re synthet ized f rom the p h o t o s y n t h e t i c C 0 2 
fixation (KENT. 1979). On the o ther h a n d , the m a l a t e expor t ed f r o m the c h l o r o p l a s t 
carr ies the reduc t ion power to the pe rox i somes ( T O L B E R T , 1979), a n d t o the 
cy top la sm. T h e increase of the C O , concen t r a t i on rises the m a l a t e level and reduces 
the n i t r a te level since the m a l a t e ox ida t ion is the main N A D H s o u r c e fo r the 
cy top l a sma t i c n i t ra te reduct ion ( N E Y R A and H A G M A N , 1976: M A R I G O et al . , 
1985). Ce r t a in p lan t s c an s tore m a l a t e in inverse q u a n t i t y as n i t r a te in their vacuo les 

( G E R H A R D T A N D H E L D T , 1984; M A R I G O et al., 1985). 

T h e ra te of the sucrose synthesis is in close cor re la t ion with the ra te o f C 0 : 

ass imi la t ion t h r o u g h the f ruc tose -2 ,6 -b i sphospha te regula t ion system ( S T I T T et al . , 
1987). T h e vacuoles of the m e s o p h y l l u m cells are t e m p o r a r y pools o f suc rose in light 
if sucrose product iv i ty surpasses the up take capac i ty of p h l o e m ( K A I S E R a n d 
H F . B E R . 1984). T h e excess sucrose synthesis gives a signal for the f ruc tose-2 .6-
b i s p h o s p h a t e regula t ing system to s ta r t the s tarch synthesis ( P R E I S S . 1986). 

T h e s ta rch con ten t o f the leaves is in inverse ra t io to the daily p h o t o s y n t h e t i c 
per iod (CHATTERTON and SILVIUS, 1979). 

G e n o t y p e pa i rs was f o u n d in some plant species (maize, bean , sunf lower ) on 
the basis of the leaf a n a t o m y , ch lo rop las t u l t r a s t ruc tu re and physiological light 
acc l imat ion . T h e ra te of the deepox ida t i on of v io laxanth in (i. e. the ra te of 
deve lop ing of p r o t o n g r a d i e n t in thy lako ids ) qu icke r , the ra te of q u e n c h i n g o f 
ch lo rophy l l - a fluorescence in the M — T period (i. e. the s tar t of the non-cycl ic 
e l ec t ron t r anspo r t ) a n d the ra te of oxygen evolu t ion is s lower in the X Q g e n o t y p e s in 
the XS geno types ( P A T A K Y and M A R Ó T I . 1 9 8 5 ; W A L K E R . 1 9 8 5 ; M A R Ó T I , 1 9 8 6 ) 

dur ing the induc t ion per iod of pho tosyn thes i s . T h e X Q g e n o t y p e s have lower d ry 
ma t t e r , leaf th ickness and g rowth rate, higher wa te r con ten t than the X S g e n o t y p e s 
have ( M A R Ó T I a n d M A R G Ó C Z I , 1 9 8 4 ; M A R G Ö C Z I and M A R Ó T I . 1 9 8 5 ) . T h e 
q u a n t i t y of appressed m e m b r a n c e in the ch lo rop la s t s of the X Q geno types is g rea te r , 
the n u m b e r o f g r ana , the sizes of the loculi a r c less t h a n in the XS g e n o t y p e s 
( P A T A K Y a n d M A R Ó T I . 1 9 8 5 ; M A R Ó T I . 1 9 8 6 ) . 
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Mate r i a l s and Me thods 

The eomparison of the pholosynthelic performances was carried out on ihe XQ and the XS 
genotypes of bean (Phaseolus vulgaris L. 'Cherokee'). 

The bean plants were grown for 40 days in 600 c m 3 plastic pots in the mixture ofsand-perlit (1:1) in 
phytotron with 330 ( imol .mol - \ C 0 2 content 8.4 p m o L m o l - 1 , saturation deficit of water vapour in the 
air. and with a temperature of 23 C. 

The three light treatments were: medium light (ML): 200 pmol.trT J.s 1 photosynthetic photon 
flux density (PPFD) and 16 h — 8 h light dark period (LDP); low light (LL): 100 n m o l - n T ' s " ' PPFD 
and 16 h — 8 h LDP: short light dark period (SL): 200 nmol.m"J .s" • PPFD and 30 min — I5min LDP. 
The light sources were fluorescent tubes (Tungsram F 33 types). 

The ML and the LL plants were kept in darkness for 8 hours and the SL plants were kept in 
darkness for 30 minutes then their developed I. trifoliate leaves were cut off. The isolated leaves were 
illuminated with 800 j imol.m"2 .s"' P P F D light in humid 26 C air containing 340 (imol.mol C 0 2 for 30 
minutes, then they were fixed in liquid air and lvophilized. The malate (HOHORST. 1970), the sucrose and 
the starch content (HANDEL. 1968; DUBOIS el al„ 1956) were determined. We measured the change of the 
rate of C O , assimilation with infrared gas analyser (VEB Junkalor: Infralyt 5). The calculations (CO, 
assimilation rate, incident quantum yield, light compensation point) were carried out after LONG and 
HALLGREEN. ( 1 9 8 5 ) ; JANAC ct a l . ( 1 9 7 1 ) ; CAEMMERER a n d FARQUHAR. ( 1 9 8 1 ) . 

From the leaves we took samples for lyophilization. we made chlorophyll analysis (FRENCH. 1960) 
and determined the ratio of the photosynthetic tissues after fixing with glutaraldehyde (KARNOVSKY, 
1965). imbedding in paraflin. making 16 nm thick cross-sections. 

Results 

D R Y M A S S A N D T H E D R Y M A S S P R O P O R T I O N O F O R G A N S ( F I G S . 1 . , 2 . ) 

D r y mass of the total p l an t , the roots , the s tem and the leaves decrease m o r e 
intensively in the LL p lan t s t h a n in the SL p lan t s c o m p a r i n g to the M L plants . T h e 
mass p r o p o r t i o n of the roo t s is lower in the L L and similar in the S L p lan t s 
c o m p a r e d t o the in the M L plants . L L and the SL t r e a t m e n t s increase the mass 
p r o p o r t i o n of the s t em c o m p a r i n g t o the M L . 

D r y mass o f the to ta l p lan t and leaves in the X Q is h igher than in the X S 
geno types a t each t r ea tments . 

L E A F A R E A ( F I G . 3 . ) 

In the p lan t s g rown a t the L L and the S L the leaf a rea is higher than in the 
p lan t s g rown a t the M L . 

The re a re n o signif icant d i f ferences between the leaf a rea of the t w o genotypes . 

S P E C I F I C L E A F M A S S ( F I G . 3 . ) 

T h e specific leaf mass o f the L L and the SL p lan t s is lower in b o t h genotype . 
T h e specific leaf mass of the X Q geno type is slightly h igher than tha t o f X S o n e at the 
M L . 
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Fig. I. Dry mass of the organs and ihe whole planl o f the X S as well as ihe X Q bean genotypes 
grown at the ML, LL and SL light regimes. 
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Fig. 2. Dry mass ratios o f organs (L: leaves. S: stem. R: roots), proportions o f tissue areas in leaf 
cross-sections (H: epidermis. Pa: pal isade parenchyma. Sp: spongy p a r e n c h y m a ) and p r o p o r t i o n s o f the 
non-structural carbohydrates (MS: monosaccharides. Sue: sucrose. St: starch) in the XS as well as the 
X Q genotypes o f bean grown at the ML. LL and SL light regimes. 
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Fig. 3. Leaf area and specific leaf dry mass of the XS as well as the XQ genotypes of bean grown at 
the ML, LL and SL light regimes. 

P R O P O R T I O N O F T I S S U E S I N L E A F C R O S S - S E C T I O N ( F I G . 2 . , T A B L E 1 . ) 

In the LL plants the propor t ion of palisade, in the SL plants the propor t ion of 
spongy parenchymas are reduced compar ing to the M L plants. Différences cannot 
be observed between genotypes with the except ion of pal isade pa renchyma 
propor t ion of the SL plants where this propor t ion is less in the XQ than in the XS 
genotypes. 

C 0 2 assimilation rate af ter 60 minutes of i l lumination at the P P F D under the 
plants were grown, incident q u a n t u m yield and light compensa t ion point (Fig. 4.) 

In the LL and SL plants the CO-, assimilation rates are lower than in the M L 
plants. The C O , assimilation rate of the X Q genotype is significantly higher than 
that of the XS genotype with the exception of the SL t reatment . 

The q u a n t u m yield of the LL and the SL plants is lower than that of the M L 
plants. Advan tage of the X Q could be shown only in the LL light regime. 

The light compensa t ion point of the SL plants is outs tandingly high, but 
significant genotypical differences could not be observed in either light t reatment . 

L E A F T R A N S M I T T A N C E ( F I G . 5 . ) 

The l ea f t r ansmi t t ance increases slightly in the LL and strongly in the SL plants 
compar ing to the M L plants. There are not any differences between the genotypes. 
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Table I. Cross-section from I. trifoliale leaves of the XS and the XQ genotypes of bean grown at the 
ML. LL and SL light regimes. 

I. XS genotype grown at ML 2. XQ genotype grown at ML 3. XS genotype grown at LL 4. XQ 
genotype grown at LL 5. XS genotype grown at SL 6. XQ genotype grown at SL 

1 0 0 u m 

IOOJJTI 
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Fig. 4. C 0 2 assimilation rate, incident quantum yield and light compensation point of the I. 
trifoliate leaves of the XS as well as tch XQ genotypes of bean grown at the ML. LL. and SL light regimes. 
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Fig. 5. Leaf transmittance. chlorophyll a + b content and chlorophyll a/b ratio in the 1. trifoliate 
leaves of the XS as well as the XQ genotypes of bean grown at the ML. LL and SL light regimes. 

Q U A N T I T Y O F C H L O R O P H Y L L S ( F I G . 5 . ) 

The chlorophyll a /b decreases in plants g rown at the LL and increases in plants 
grown at the SL compar ing to ML. There are not any differences between 
genotypes. The chlorophyll a + b is lower in the LL and the SL plants than in the M L 
plants. The chlorophyll a + b is also lower in the X Q than in the XS genotypes except 
for the plants grown at the M L . 
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M A L A T E . S U C R O S E A N D S T A R C H C O N T E N T O F T H E L E A V E S I N T H E 3 0 T H M I N U T E O F 

T H E I L L U M I N A T I O N ( F I G S . 2 . , 6 . ) 

The malate level is higher in the leaves of the LL and SL plants than in those of 
the M L plants. The malate content of the XQ genotype is higher than that of the XS 
genotype, exept plants grown at the LL light regime. 

The sucrose content is higher in the LL and the SL plants than in the M L plants 
of the XQ genotype, but sucrose content of the XS genotype is similar in each light 
regimes. The sucrose proport ion within the non-structural carbohydra tes 
significantly greater in the LL and the SL plants compar ing to the ML plants. The 
sucrose content of the XQ is lower rhan that of the XS genotype only in the M L 
plants. The sucrose proport ion is also lower in the XQ than in the XS genotype but 
at each light t reatments (Fig. 2.). 

Starch level of the leaves is significantly lower in the LL and the SL plants than 
in the ML plants. The starch content and the starch propor t ion (Fig. 2.) of the X Q 
genotype are higher than those of the XS genotype. 

Discussion 

The photosynthetic performance of the plant expresses the efficiency of light 
conversion to biomass (result of photosynthesis, respiration, photorespirat ion) . The 
performance could be estimated on the basis of dry matter product ion in connect ion 
with C O , assimilation rate, leaf area, ratio of the photosynthetic leaf tissues, and 
malate sucrose and starch contents of the leaf, respectively. 

The stacking degree of the chloroplast membrane system increases in the LL 
plants ( L L C H T E N T H A L E R et al.. 1981) and decreases in the SL plants ( P A T A K Y and 

3000 
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1000 

Fig. 6. Malalc. sucrose and starch levels in the I. trifoliate leaves of the XQ as well as the XS 
genotypes of bean grown at the ML. LL and SL light regimes. 
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M A R O T I , 1 9 8 5 ) . but in spite of these facts both light t rea tments result in a dry mass 
reduction of bean plants compar ing to the M L treatment . The smaller dry mat ter 
decrease of the X Q genotype grown at the SL is due to its better light accl imation. 
The root reducing effect of the LL is consistent with fo rmer observa t ions 
( B J O R K M A N , 1 9 8 1 ) and this is a typical trait of shade accl imation. The L L and the 
SL t rea tments result in a phenomenon like shade acclimation: increase of leaf area 
and reduction of specific leaf mass. The ratios of leaf tissues in cross-section show 
characterist ic differences: in the L L plant the rat io of pal isade (cf. L I C H T E N T H A L E R 

et al., 1 9 8 1 ) , in the S L plants the propor t ion spongy (cf. M A R 6 T I and M A R G O C Z I , 

1984) parenchymas a re reduced (Fig. 2.). Dry mat te r reducing effects of the LL and 
the SL light regimes may be caused by the reduced C 0 2 assimilation rate and 
q u a n t u m yield compar ing to the effect of M L light regimes. There is an impor tant 
difference between the LL and the SL: the light compensa t ion point is unchanged at 
the LL. but rises at the SL compar ing to the M L treatment (Fig. 4.). T h e latter rise 
might be due to the weakly developed light harvesting complexes ( M A R O T I and 
T A K A C S . 1 9 8 3 ) , which is suppor ted by the small quant i ty of chlorophyll a + b found 
in the leaves. T h e chlorophyll a / b reduction at the LL as well as rise at the SL are 
consistent with former observat ions ( L I C H T E N T H A L E R et al., 1 9 8 1 : M A R O T I , 1 9 8 2 ) . 

There may be positive correlat ion between the incident q u a n t u m yield and 
chlorophyl l a + b content as well as negative correlat ion between the incident 
q u a n t u m yield and light compensa t ion point . 

Mala te t ranspor t s reduction power into the cytoplasm for nitrate reduction 
( M A R I G O et al., 1985), into the peroxisomes for glycollate pa thway and funct ions as 
a ca rbon source for the anaplerot ic operat ion of the tricarboxylic acid cycle ( K E N T , 

1979). The LL and the SL t rea tments may reduce the mala te level in the cytoplasm 
which is con t ras t with other observations (cf. L I C H T E N T H A L E R et al.. 1981). The rise 
of sucrose p ropor t ion and decline of starch p ropor t ion within non-st ructural 
ca rbohydra tes in plants grown at the LL and the SL light regimes show the increased 
t ranspor t mobility between chloroplast and cytoplasm in the mesophyll of the leaf 
of bean plants. 

We can establish on metaboli te levels of the C3 bean leaves, tha t the effect of 
the SL resembles that of the LL t reatment . 

The lower malate content may be due to the enhanced utilization of mala te in 
the perxisomatic glycollate pa thway, in the mitochondrial anaplerot ic processes and 
in the cytoplasmic nitrate reduction. It may be in connect ion with the higher dry 
mat te r of these plants. 

The decline of sucrose p ropor t ion and the rise of starch p ropor t ion within non-
structural ca rbohydra tes in the X Q genotype compar ing to the XS genotype (Fig. 2.) 
show the decreased pho tosyn tha te t ransport f rom the chloroplasts ( H U B E R . 1 9 8 4 ) 

and result in an increase in its leaf dry mass (Fig. 1.). Within a genotype the higher 
sucrose and the lower starch ra t io on the effect of light t rea tments may be in 
connect ion with the higher shoot as well as lower root ratios. 

C o m p a r i n g the X Q and X L genotypes of bean with those of maize (TECSI. 
1987) we found that the malate, sucrose levels a re lower and the starch level is higher 
in the leaves of the X Q than those of the XS genotypes. 
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