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Abstract.  In experiments with fodder cabbage and sugar beet the influences were tested 
which restrict the finding of a uniform linear dependence between the chlorophyll content and 
photosynthetic rate. The main factor is most probably the irradiation during the growth of 
plants and the measuring of photosynthetic rate. Changes in the density and length of irradia- 
tion with the proceeding spring season are reflected in the decrease of unit chlorophyll activity 
in all leaves of the plant. Such differences were not observed in plants grown in winter months 
at a low greenhouse irradiation density. High irradiation density during the measurement of 
photosynthesis ensures the finding of high correlation of photosynthetic rate with the chloro- 
phyll amount per unit area of leaf. With a low irradiation density, or in thick leaves, the lower 
layers of chloroplasts are not saturated with radiation, and hence a higher correlation coefficient 
is found by relating photosynthetic rate to the percentage of chlorophyll in dry weight than to 
the quantity of chlorophyll per unit area of leaf blade. In some experiments higher activity 
of chlorophylls was found in young leaves before they have reached the state of "photosynthetic 
maturity" than after this turning point. This difference diminished by relating the photosyn- 
thetic rate to chlorophyll a content instead of the total amount of chlorophylls (a -t- b). High 
activity of chlorophylls in very young leaves and great individual variability within the ex- 
perimental plant groups caused by uneven cultivation conditions are the basis of apparent 
sigmoid character of average curves for the chlorophyll-photosynthesis relation. 

T h e  d e t e r m i n a t i o n  of  t he  r e l a t i o n  b e t w e e n  t he  a m o u n t  of  ch lo rop la s t  p ig-  
m e n t s ,  m o s t  f r e q u e n t l y  ch lo rophyl l s ,  a n d  t h e  p h o t o s y n t h e t i c  r a t e  has  a l r e a d y  
b e e n  t he  s u b j e c t  of  a g r ea t  n u m b e r  of  p u b l i c a t i o n s  (see ~ESTs a n d  ~ATSK~" 
1966). Desp i t e  di f ferences  i n  t h e i r  r esu l t s ,  t h e  p r e d o m i n a n t  o p i n i o n  is t h a t  
t he r e  is no  r e l a t i o n s h i p  b e t w e e n  t he  c h l o r o p h y l l  c o n t e n t  a n d  t he  p h o t o s y n -  
t h e t i c  r a t e  or t h a t  t he  a m o u n t  of  c h l o r o p h y l l  has  a n  effect u n d e r  w e a k  l i gh t  
o n l y  ( "Chlorophy l l  als S c h w a c h l i c h t f a k t o r "  - -  GABRZELSEN 1948, 1960). 1YIany 
of  t he  o lder  s tud i e s  h a v e  bas ic  s h o r t c o m i n g s ,  s u c h  as m e a s u r i n g  p h o t o s y n -  
thes i s  u n d e r  u n s u i t a b l e  c o n d i t i o n s  ( m a i n l y  a t  low i r r a d i a t i o n  de ns i t y ) ,  n o t  
t a k i n g  i n t o  c o n s i d e r a t i o n  t he  o n t o g e n e t i c  age of  the  leaves  or s t r e s s ing  e x t r e m e  
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leaf types (mutants or plants cultivated under abnormal nutrition, the photo- 
synthetic system of which works entirely differently). 

Our experiments, t o o  (~EST.~K and ~ATSKY 1962, ~EST.~K and BART0~ 1962, 
1963, AV~ATOV~SUKOV)., BA~TO~ and SEST.~K 1962, ~EST.~K 1963a, 1963b, 
~EST,~K and V~CLAVIK 1965) do not as yet  make it possible to draw final 
conclusions, even though they clearly prove that  there is a relationship be- 
tween the chlorophyll content and the photosynthetic rate. I ts  linear expres- 
sion, however, is limited by  the inherent properties of the plants, as well as 
by  the selection of experimental procedure. Let us demonstrate on the example 
of our further experiments with fodder cabbage and sugar beet  some of the 
main reasons which make it difficult to find the direct relationship between 
the chlorophyll content and the photosynthetic rate. 

Materials and Methods 

Plants: Fodder cabbage [Brassica oleracea L. convar, acephala (DC.) ALEF. 
var. me~lullosa THELL.] was cultivated throughout the year in pots in 
a greenhouse. Sugar beet  was grown in field plots under normal agrotechnical 
conditions. 

Photosynthetic rate was determined from the increase in dry weight in 
disks cut out from the leaves (method of BARTO~, KUB~N and ~ETLIK 1960). 
The disks were exposed for 6 hours under constant conditions in holes in 
foamy polyurethane plates, revolving on a turntable in a special apparatus 
(AVRAT0V~UX0Vh and ~EST~K 1966). The following experimental conditions 
were maintained: continuous water saturation of the tissue, 0-03% or 4% CO 2 
in the air (200 1. hour-l), temperature 25 ~ =[= 0.2 ~ C, equal irradiation for all 
45 exposed samples (each constituted by  12 disks) in two levels: full irradiation 
(20 Tungsram Kryp ton  Superba 100 W/220 V lamps above the turntable, 
density of photosynthetically active radiation 2.  105 erg.  cm -2 . s -1) or half 
irradiation (10 lamps above the turntable). The dried disks were weighed on 
a torsion balance with an accuracy of • 0.02 mg. 

Chlorophyll content was measured in an 80% acetone extract on a Pulfrich 
photometer with Elpho photocell at tachment (total chlorophyll) or by  a two- 
wavelength spectrophotometric method on 0ptic~ Milano CF 4 or Beck- 
man DB, using a nomogram (~EST~K 1966) calculated on the basis of the 
Mackinney-Arnon equations (ARNoN 1949). 
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Results and Discussion 

1. The effect of the advancing venetation season and the a{leing of plants 

In experiments with leaves of different age of the same plant or with the 
homogeneous plant population in the vegetative stage we usually find a linear 
relationship between the chlorophyll content and the photosynthetic rate. I f  
we start with the leaf which is at the stage of "photosynthetic matur i ty"  
(usually reached before the leaf acquires maximum area and even before 



338 Z.~ESTAK 

reaching maximum areal chlorophyll content), further ageing of the leaf is 
displayed in a gradual decrease in chlorophyll content and in a still greater 
fall in photosynthetic rate. Finally, at a certain chlorophyll amount (0.5 to 
2.5 m g .  dm -2) we find zero apparent photosynthesis. We denote this amount,  
at which the photosynthetic activity of the tissue stops, as the "c h I o r o- 

ous plant population, the e 
and the photosynthetic rate under optimum external conditions can thus be 
approximately expressed by the simple linear equation 

P = (c~ -- %) ao, (1) 

where P means photosynthetic rate, c~ total chlorophyll content and ae the 
t rend of the line which determines the relationship. 

With the ageing of the plant, c o increases slightly and ac falls markedly. 
Thus, with the ageing of the leaf and the entire plant, the photosynthetic 
activity of a unit amount of chlorophyll is decreased and the tissue containing 
the same amount  of chlorophylls forms a smaller amount of assimilates. This 
is shown in Fig. 1 representing three succeeding measurement series made in 
May or June  on a group of fodder cabbage plants sown in February.  The 
respective regression coefficients indicate a fall in the photosynthetic activity 
of the chlorophylls on ageing of the plant. Similar differences were found by 
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Fig.  1. The  dependence  of  p h o t o s y n t h e t i c  r a t e  on  chlorophyl l  c o n t e n t  in loaves o f  d i f ferent  ago  
f rom fodder  cabbage  pla~ats sown  in  F e b r u a r y  a n d  a n a l y s e d  in M a y  (left - -  p l a n t s  
102- to  105-days-old)  or  J u n e  (middle  - -  p l a n t s  122- to 125-days-old;  r i gh t  - p l a n t s  136- 
to  138-days-old) .  Absc issa  - -  chlorophyl ls  (a -b b) in  m g .  din-*;  o rd ina t e  - p h o t o s y n -  
t he s i s  in m g  d r y  weight  d m  -z . h -1. T h e  s t r a i g h t  l ines  r ep r e sen t  t h e  regress ion  coeffi- 
c ients .  

~V[URATA, 0SADA, IYAMA and YAMADA (1957) in rice sown in 4 periods -- early 
till late in the season: plant sown late in the season did not at tain the same 
photosynthetic activity of unit chlorophyll amount  in any stage of their de- 
velopment as the plants sown early. The reason for these changes are doubt- 
lessly external conditions during cultivation, particularly factors of light, 
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Fig. 2. The dependence of photosynthetic rate on chlorophyll content in leaves of different age 
from fodder cabbage plants analysed together in April 1963, but  sown in January (at 
the day of analysis 93- to 103-days-old), December (117- to 125-days-old or 131- to 
140-days-old) or October (191- to 198-days-old). Abscissa -- chlorophylls (a-~ b) in 
m g .  dm-~; ordinate -- photosynthesis in mg dry weight ,  dm -~ . h -z. 

which cause changes in the photosynthetic system of the plant, possibly also 
in conjuction with photoperiodicity. Apparently for this reason we find no 
expressive differences in experiments carried out in winter on plants of dif- 
ferent age, which grew under unfavourable irradiation conditions. We have 
verified this on plants of fodder cabbage, sown in different months (October 
till January) and analysed together in April (Fig. 2). T h e  photosynthetic 
rates in young leaves, most important for the plant, were essentially the same 
and the dependence of the photosynthetic rate on the chlorophyll content 
was not significantly different. 

2. The effect oI the individual variability of plants 

The correlation and regression coefficients determining the relationship be- 
tween the chlorophyll content and the photosynthetic rate calculated per leaf 
area unit are usually high and statistically confirmed. The fields limited by  
the multiple of experimental points, however, are far from an ideal compre- 
hension. I f  we, however, wish to replace the individual experimental points 
by  an average curve and thus calculate for the various intervals of the chloro- 
phyll content mean values of photosynthetic rate, w e  do not  have to obtain 
a straight line corresponding to the equation (1) but  rather a curve of a sigmoid 
nature -- see Fig. 3: The first and second curves summate the first and last 
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series of measurements presented in Fig. 1. The last two curves summate 
results for fodder cabbage plants sown in November and January and analysed 
at the same time in May. 

Fig .  3. M e a n  v a l u e s  for chlorophyl l  c o n t e n t  [abscissa  - -  chlorophyl ls  (a -~ b) in  m g ,  d m - ~ l  
a n d  p h o t o s y n t h e t i c  r a t e  (ord ina te  - -  d r y  we igh t  increase  in  r a g .  d m  -~ . h -1) in  leaves  
f r o m  fodde r  cabbage  p lan t s .  T he  1st a n d  2 nd curve  f rom the  left  represen t  t h e  1 st a n d  
3 rd series o f  m e a s u r e m e n t  f r om Fig.  1, t h e  l a s t  two curves  represen t  t h e  e x p e r i m e n t s  
f r o m  Fig.  4. T he  n u m b e r s  express  t h e  ago of  p l a n t s  in  days .  

Fig. 4 shows the numeric basis of these last two curves -- the undistinguished 
experimental points on the right, and on the left lines connecting the experi- 
mental points for different leaves of each plant separately. We see that the 
studied relationships for the individual experimental plants is very close to 
linearity. But in the whole plant population not cultivated under standard 
phytotronic conditions the rate of development and ageing of various plants 
and individual leaves varies greatly. For example, in some plants in the 
population we find a low chlorophyll content and unusually low photosyn- 
thetic rates. Such plants evidently influence the situation near the chlorophyll 
compensation point, partially also because they show increased respiration. 

3. The dlflerent activity of chlorophyll in very young leaves 

The bend in the region of high chlorophyll contents in Fig. 3 is caused by 
summing up the data for young leaves and leaves that have already reached 
their photosynthetic maturity. In some plants ( N i c o t i a n a  s a n d e r a e  ~ see 
~STXK and ~ATSK~ 1962) the activity of chlorophylls in the youngest leaves 
differs only slightly from that in the mature leaves and, therefore, in summa- 
tion this curve-bend is not found. On the contrary, in the case of maize 
(~ESTX~ and V.~OLAViK 1965) and sugar beet the activity of chlorophylls in 
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Fig.  4. The relat ionship of  chlorophyl l  con ten t  a n d  pho tosyn the t i c  ra te  expressed as experi-  
m en t a l  po in t s  und is t ingu ished  for all t he  ana lysed  groups  of  p l an t s  (right) or shown as  
lines of  d i ferent  form, which connect  values for different  leaves of  each individual  p l an t  
(left). P l an t s  o f  fodder  cabbage sown in J a n u a r y  (131- to  133-days-old) a n d  November  
(195- to  197-days-old) were ana lysed  in May.  Abscissa - -  chlorophyl ls  (a -t- b) in m g .  
�9 dm-~; o rd ina te  - -  pho tosyn thes i s  in mg  4 ry  w e i g h t ,  d m  -2 . h -z. 

the young leaves was higher than in the older leaves. An example of this 
different chlorophyll activity in the leaves of one plant of sugar beet is in- 
dicated in Fig. 5. 

The turning point in the chlorophyll activity apparently takes place in the 
period of "photosynthetic maturity". I t  seems that the photosynthetic activity 
of chlorophylls would for many plants have to be solved separately for the 
leaves before and after reaching their photosynthetic maturity. 

4. The importance of chlorophyll  a 

In every experimental series higher correlation coefficients were found when 
relating photosynthetic rate to chlorophyll a content than to the total chloro- 
phyll amount. One explanation could be the higher accuracy of chlorophyll a 
than chlorophyll b estimation by using the two-wave-length spectrophoto- 
metric method. But the chlorophyll b forms only about 25 to 30 % of the total 
chlorophyll quantity and hence the higher experimental error for the estima- 
tion of total chlorophyll could not be the main argument. Better explanation 
extends the leading role of chlorophyll a forms in vivo in photosynthetic 
reactions (see, e.g. WITT et al. 1965). The quantity of chlorophyll a by itself 
is doubtlessly a more exact characteristic of the photosynthetic activity, as 
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the experiments with natural algae associations (ODuM, McCoNELL and 
ABBOTT 1958), with barley mutations (I-IIGHKIN and FRENKEL 1962) etc. have 
shown. 

Fig. 5. shows how the dispersal of experimental points narrows down when 
bringing the photosynthetic rate into dependence with only chlorophyll a 
quantity instead of the entire chlorophyll (a ~ b) content. 

An even better characteristic would be obtained by determining the quantity 
of different forms of chlorophyll a in vivo, which would probably also explain 
the existence of non-active chlorophyll Co; for such an analysis, however, there 
is still no expeditious method. Naturally, further research is requested to 
show whether more linear relationship cannot be found by relating the photo- 
synthetic activity of leaves to the quantity of some important substance in 
the photosynthetic electron transfer chain, for example, of ferredoxin or 
plastoquinone or some important enzyme [SMILLIE (1962) observed interest- 
ing changes in the activities of ribulose-l,5-diphosphate carboxylase, photo- 
synthetic pyridine nuclcotide reductase, and transketolase with increasing 
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Fig. 5. Photosynthetic rate (ordinate --  mg dry  weight ,  dm -z . h -1) is more directly related 
to chlorophyll a .  elm -2 content (left curve) than to chlorophylls (a ~ b) content (right 
curve). Values for leaves of clLfforent age (numbered from the oldest leaf) on one plant  
of sugar beet (105-days-old). 

5. The influence of leaf thickness and exposure conditions in measuring the photosynthetic rate 

The linear dependence between the chlorophyll content and photosynthetic 
rate can obviously be found only under optimum conditions of exposure, 
where the entire chlorophyll system of the tissue can be included into the 
photosynthetic process. Although sufficient water supply and plentiful access 
of CO 2 into the assimilating tissue are very essential experimental conditions 
for obtaining reliable results, the most important exposure factor is the density 
of irradiation. We have already shown (~EST~K 1963b, ~EST~K and BARTO~ 
1963) that the effect of the amount of chlorophylls per unit area of leaf be- 
comes more expressive with greater irradiation than with low radiation 
densities. Fig. 6 illustrates the differencs in the dependence of photosynthetic 
rate on the chlorophyll a content in sugar beet plants which assimilated in 
the atmosphere with 4% CO 2 under a density of irradiation of 2. l0 s erg. 

�9 cm -2 . s -1 (left) or with half a dosage of radiation energy (right). 
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Fig. 6. The relat ionship of  chlorophyll  a content  (abscissa -- m g .  d m  -2) and  photosynthe t ic  
ra te  (ordinate -- mg  d r y  w e i gh t ,  d m  -2 . h -1) de termined under  different exper imenta l  
condit ions:  left 4% C02, full i r radia t ion (correlation coefficient r = 0.829); r ight  -- 
4% CO2, 1[2 i r radia t ion (correlation coefficient r = 0.613). The s t ra igh t  lines represent  
the  regression coefficients. --  Leaves of different age f rom sugar  beet  p lan ts  ca. 100- 
days-old.  

A comparison of rank correlation coefficients for sugar beet leaves in Tab. 1 
displays the concurrent influence of irradiation density during the determina- 
tion of photosynthesis and of the thickness of leaves [expressed as dry weight 

Table  1 

R a n k  correlation coefficients r d for exper imental  series wi th  sugar  beet  leaf disks assimilating 
at  0.03 or 4% CO2 and  full (2 . 105 erg . e m  -2 . s -1) or hal f  i r radia t ion densi ty  

CO2 con- 
centra- 
tion, 
% 

0"03 
0.03 
4.00 
4.00 
4.00 

Relat ive 
irradia- 

t ion 
densi ty  

50 
100 
50 

100 
1001 ) 

Characterist ics of mater ia l  used 
in each series of  exper iments  

o~ 

7"14 
11"82 

7"92 
13"59 
17"12 

~Q 

2.02 
2-19 
1.96 
2.15 
2.59 

291.1 
311.1 
274.2 
288.9 
444.2 

~ ~  ~ 

43 
35 
43 
45 
43 

R a n k  correlation coeffi- 
cients r d for photosynthe t ic  

ra te  wi th  

chlorophyll  a 

per leaf as per cent 
area dry 
unit weight 

0'373* 6"661"* 
0"917"* 0'603** 
0"545** 0'680** 
0.683** 0.475** 
0.423** 0.783"* 

dry 
weight 
per  leaf 

area uni t  

--0.337* ] 
0.037 

--0.287 I 
--0.229 
--0.537** 

1) Analysed f rom October  6 to 13; other  series analysed  in the  second half  of J u l y  and  first  
week of  Augus t .  

** P = 0.01; * P = 0.05. 
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per leaf area unit -- see also "density thickness" of MCCLENDOI~ (1962)] on 
the importance of chlorophyll factor. In  thinner leaves and at high irradiation 
density photosynthesis is saturated with radiation practically in all the tissue 
layers and, therefore, we find a higher correlation of photosynthetic rate with 
chlorophyll amount per leaf area unit than  with the percentage of chlorophyll a 
in dry  weight ("chlorophyll concentration"). Inverse situation is found in 
similar leaves at half irradiation density or at full irradiation in half as thick 
leaves: photosynthesis is then correlated better with chlorophyll percentage 
in dry weight. At the same time, negative correlation of photosynthetic rate 
with the dry weight per unit leaf area is much more expressive and significant. 
From the comparison of these values with the correlation coefficients in Tab. 2 
representing some of the fodder cabbage experimental series illustrated in 
Fig. 1 to 4, the following conclusion may be drawn: At irradiation densities 
saturating the whole tissue profile, when certain positive correlation of photo- 

Table 2 

R a n k  correlation coefficients rd for exper imenta l  series wi th  fodder cabbage leaf disks assimilat- 
ing at 0.03~/o CO: and  2 . 105 erg . era-:  . s -1 

Da te  of  
analysis 

April  
1963 

Age of  
plants, 

days  

93-- 103 

May 
14 to 17, 
1963 102-- 105 

May 
14 to 16,1 
1964 1 3 1 - 1 3 3  

May [ 
20 to 22, 
1964 195--197 

I 

Characteristics of  mater ia l  used 
in each series of  exper iments  

13.47 

12.51 

10"55 

12"39 

3"44 

2.52 

3"63 

3"70 

~'~ ~ �9 

208.5 

365.3 

259.0 

256.4 

c~ 

~~ 

35 

45 

44 

42 

R a n k  correlation coeffi- 
cients r d for photosynthe t ic  

ra te  wi th  

chlorophyll  (a d- b) 

per leaf as per 
cent dry 

area unit weight 

0"825** 0"542** 

0"829** 0"675** 

0"961"* 0"826** 

0"912"* 0"762** 

dry  
weight  

per  leaf 
area  un i t  

0.379* 

0-609** 

0.566** 

0.478** 

** P ~ 0.01; * P ----- 0.05. 

synthesis and leaf thickness exists, photosynthetic rate is in best qorrelation 
with chlorophyll amount per leaf area unit, which sumes up both chlorophyll 
concentration and leaf thickness. I f  some tissue layers are undersaturated 
with radiation and consequently photosynthetic rate is in a significant negative 
correlation with leaf thickness, only the validity of chlorophyll concentration 
in tissue volume unit is clearly expressed. 
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These results clearly show that comparable results can be obtained only 
at saturating irradiation density for each type of leaves. From this point of 
view many data in the literature should be revised, e.g. GXB~IELSE~'S (1948) 
results obtained with low irradiation densities (up to 9000 lx). Density of ir- 
radiation also designates whether or not photosynthetic rate is in correlation 
with the thickness of leaf ( ~ r  1962) or its mesophyll (PIETERS 1960). 
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Z. ~ESTXK, Odd. fysiologio rostlin, l~stav experimontgdnl botaniky ~SAV, Praha:  ~lnltel6 
omezuj ie i  na l ezen i  l lne~rni  z~vis lost i  m e z i  obsal lem ehlorofylu a fotosyntet lekou aktivttou.  - -  
Biol .  Plant.  8 : 336--346, 1966. 

V pokuseeh s krmnou kapustou a cukrovkou byly ~ledov~ny vlivy, kter4 omezuji nalezeni 
jednotn~ lineg~rnl zg~vislostl mezi obsahem chlorofylu a intenzitou fotosynt~zy. Hlavnlm 6i- 
nitelem je pravd~podobn~ oz~eni  b~ihem p~stovgmi r~etlin i pH m~i~eni intenzity fotosynt~zy. 
Zm~ny v hustot~ a d~lce ozg~enl s postupujlelm jarem sv odrg~eji v poklesu jednotkov~ aktivi ty 
chlorofylu ve vhech listech na rostlin~. Takov~ pokles Lebyl pozorovhn u rostlin vyp~stovgm:~ch 
v zim~ p~i nlzk6 hustot~ sklenikov~ho oz~enl .  Vysok~ hustota zh~enl b~hem m ~ e n l  fotosynt~zy 
zaruSuje stanoveni vysok~ korelace mezi intenzitou fotosynt~zy a mno~stvim chlorofylu na 
plo~nou jednotku listu. P~i nizk~ hustot~i ozh~enl neLo v tlust~ch listech nejsou spodni vrs tvy 
chloroplastfi zg~enim nasyeeny. V t~chto pHpadeeh nalezneme vy~w korela6nl koeficient p~i 
vzta~enl intenzity fotosynt6zy k proeentu ehlorofylu v su~in~i ne~ k mno~.stvi ehlorofylu na  
plohnou jednotku listov6 5epele. V n~kter~ch pokusech byla nalezena vy~fil aktivita ehlorofyl~ 
v mlad~-ch ]istech p~ed dosa~enim jejich ,,fotosyntetick~ dosp~losti" ne~. po tomto stavu. Tent(> 
rozdll se sni~iil vzta~enim intenzity fotosynt~zy k obsahu pouze ehlorofylu a mlsto k eelko- 
v~mu mno~stvi ehlorofyl~ (a + b). Vysok~ aktivita ehlorofyl~ ve velmi mlad:~ch listech a velkg~ 
individu~lni variabilita uvnit~ souborfl pokusn~ch rostlln, zpflsoben~ nejednotn~mi kultiva6- 
nimi podminkami, jsou podkladem zdhnliv~ sigmoidniho charakteru prflm~rov~ch k~ivek pr(> 
4anou zg~vislost. 

3. ~IECTAK, OT~eneH~e ~H3HOnOrHH paCTeHHfi, I/IHcTHTyT 3KcIIepHMeHTaJIBItOfI 6OTaHHI~tI 
q C A H ,  Hpara:  (I)aicropb, orpaHaqHmaloHme ~HHefiHym aaBHCHMOCTb ~ e a ~ y  co~epamHHeM 
x:[opo~H:[~a H (~OTOCHHTeTHtleCKofi aHTHBHOCTbIO. - -  Biol. Plant .  8 : 336--346,  1966. 

Hay~aaHcb BaH~HHH orpaHH~,Bamm~e oS~apyme~ne aHHefiHOfi 3aBHC~MOCTH Merely 
co~ep~aHHei  x~iopoq~HJina H ~IHTettCHBHOCTBIO ~)OTOCnHTeaa y paCTeHHfi KOpMOBOI] HaHyCT~ 

caxapHofi cBe~n~. BepO~THO, OCHOBH~M ~aRTopoM BIIH~IOmI4M Ha 0Ty 3aBHCHMOCT~ 
HBJIffeTCH HHTeHCHBHOCTI, OCBeIKeHICH BO BpeM~ P~IpamHBaHHff paCTeHHfi H nO BpeMH Ha- 
MepeHH~ ~OTOCHHTe3a. I/I3MeHeHH~i B HHTeHCHBIIO~TH H ~JIHTeJIbHOCTH ocBeI;4eHH~t B 3aBH- 
CHMOCTH OT BpeMeHH rosa  oTpaH~aIOTCH B nOHH~eH~ e~HHHtIHO~ aHTHBHOCTH XJIOpO~HJIJIa 
y BCeX JII4CTI, eB pacTeHH~. TaHa~ 3aHOHOMepHOCT~ He 5 ~ a  05Hapy~eHa y pacTeHHfi B~- 
pam~BaeM~x B TenaH~e npH HHa~Of~ 3~M~efi HHTeHCI4BHOCTH oc~en~eH~H. B~coHau HHTeH- 
CHBHOCTB OCBen~eHH~ BO BpeMH ~3MepeHHfi ~OTOCHHTe3a 06ecneqHBaeT nony~eH~e BI~ICOHHX 
3Ha~eHHfi HO3q~HHI4eHTa ~oppen~I~H~ Mem~y HHTeHCHBHOCTIoIO 0)OTOCHHTe3a H I~OJIH~eCTBOM 
xaopoqSHn~a B pac~eTe Ha e~HHnRy IIOBepXHOCTH nncTa. Hpi~ HH3KOH HHTeHCHBHOCTH OCBe- 
meHnn ~n~ y 2IHCTbeB C TOJICTOH JIHCTOBOH HJIaCTHHHOH HH~HHe CJIOH xnoponnaCTOB ~e 
Hac~izae~ CBeTOM. ]3onee B ~ c o ~ f i  ~OO~Hrf~enT ~oppenu~n~ 5~n Tor~a oSHapymeH 
B cny~ae nepec~eTa HHTeHCHBHOCTII ~)OTOCHHTe3a Ha npo~eHTHOe co;~epmaH~e x n o p o ~ a ~ a  
B cyXOM BeCe qeM Ha e~HHRy ~IHCTOBOH HoBepxHocT~. B HeEoTop~x On,Tax 5~na o6Ha- 
pymeHa 5o~iee BhICOEaH aKTHBttOCTB xaopo~Hnaa y MOnO~X JIHCTI~eB ~0 Haqana ~OCTHH~eHHH 
Hi( ((~OTOCHHTeTHqecHo~I 3penocTm) qeM n o c n e  OTOrO. Pa3nHKa yMeHbinaJiacb B cnyqae 
OTHOllIeHH~I ~IHTeHCHBHOCTH (~OTOCHHTe3a TOJIt, KO I~ XJIOpO(~IJIJIy a BMeETO I~ 06II~eMy co- 
~epmaHnm x~iopoq~unnon (a ~- b). B~co~an aRTHBHOCTB XJIOpO~HYlYIOB y oaeHb MOZm~IX 
n~CT~,eu H 5o:~maH HH;~B~yanbHaa ~3MeH~HVOCTb paCTeH~fi, B~aBaHH~e Heo~HHaHoB~IM~ 
yCJIOBI4~IMI~ B~pam~anH~,  ~Bn~mwc~ 0CHOB0fi ~nn n0~Iy~eH~a ~amymeroc~ CHPMOH~H0rO 
xapa~wepa cpe~IHHX upH~uX y ~auaofi 3aBHCHM0CTn. 


