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Introduction

Characterisation of genotypes or populations of woody 
plant species by the chlorophyll content and related bio-
elements is not very common, but in the last decades 
many studies occur on indirect chlorophyll content de-
termination in assimilatory organs of crops, grassland 
and woody plants. In these studies predominantly por-
table chlorophyll meter SPAD-502 (Minolta, Japan) 
has been used. 

Data obtained by this device were utilized to 
predict nitrogen content in plants and subsequently 
to determine an optimal level of nitrogen nutrition in 

crops and grass (WOOD et al., 1993; GÁBORČÍK, 1999; 
SHAPIRO,1999). In winter wheat and barley, variability 
of SPAD values was significantly influenced by culti-
vars and was in strong correlation with nitrogen con-
tent (UŽÍK and ŽOFAJOVÁ, 1998; UŽÍK et al., 1999; UŽÍK 
and ŽOFAJOVÁ, 2000a; UŽÍK and ŽOFAJOVÁ, 2000b). The 
authors recommended this method for the selection 
of genotypes with different N-uptake and N-use effi-
ciency. By SPAD values also Mg content in dry matter 
of grassland were examined and differences between 
grass species and cultivars were observed (MÍKA, 1980). 
FANIZZA et al.(1991) observed that SPAD values meas-
ured in apical, fully developed leaves of Vitis vinifera 
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Two-year-old seedlings of European chestnut derived from twelve 45year-old  progenies grown at the 
permanent experimental plot in Horné Lefantovce were used in the study. The progenies originated from 
12 old mother trees grown on four different localities of Slovakia (Jelenec, Horné Lefantovce, Tlstý Vrch 
and Duchonka). In 2006, at three different dates (June, August, September), indirect measurement of chlo-
rophyll content by a portable device Chlorophyll Content Meter CL-01 (fi. Hansatech) was carried out in
180 seedlings (15 ones in each progeny). In August and September, also direct determination of chloro-
phyll a and b content was carried out in 81 seedlings from 9 progenies (after excluding progenies from 
Duchonka). In the leaves collected in August, nitrogen content was determined with a CNS 2000 Analyzer 
(LECO corp., USA). Variability of CL-01 values and chlorophyll content values was highly significantly
influenced by date of measurement (the lowest CL-01 values in June), individual progenies and prove-
nience (origin) of parental trees. The most distinct differences between the three studied proveniences were 
observed in chlorophyll a+b content in the August sampling. Correlation between N content and chloro-
phyll content was medium strong (r = 0.413 and 0.419).
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are good indicator for screening genotypes on drought 
tolerance. HOEL (2002) proved, by measurement with 
a Hydro N-Tester (HNT), a portable chlorophyll meter, 
differences in leaf chlorophyll content between culti-
vars of winter wheat. 

Studies of chlorophyll content in leaves of woody 
plant species with the aim to detect genotype differ-
ences or origin are very sporadic. Bonneville and FYLES 
(2005) estimated the relative chlorophyll content and 
leaf nutrient concentration by the SPAD-502 chloro-
phyll meter in the leaves of trembling aspen. The best 
representation of overall leaf chlorophyll was found 
when six SPAD readings were taken at different loca-
tions on each leaf. There was a positive correlation be-
tween overall leaf  N and estimated chlorophyll content, 
especially in the top part of the trees. ICHIE et al. (2006) 
reported a significant positive correlation between the
actual chlorophylle content and the SPAD-502 rea-
dings and less positive correlation between the actual 
N content and the SPAD-502 readings in leaves of 10 
woody plant species. Based on the results of BAUERLE 
et al. (2006), the SPAD meter could be used to provide 
a rapid estimate of leaf absorbance and transmittance 
in the 400–700 nm wavelength range in woody plant 
species.

Within eco-physiological research, our present 
investigations have been aimed at the measurement of 
selected physiological characteristics (parameters of 
chlorophyll a fluorescence, chlorophylls a, b content) 
and subsequent evaluation of physiological status of 
introduced woody species Quercus rubra L., Juglans 
nigra L., Castanea sativa Mill., growing under diffe-
rent stand conditions at permanent experimental plots 
(KMEŤ and ŠALGOVIČOVÁ, 2003, 2004).

The main objective of this work is to examine the 
possibility to exploit data of indirect measurement of 
chlorophylls a and b for detection of different origin of 
European chestnut progenies and also for early test of 
growth performance and production abilities of these 
progenies.

Material and methods

Material and sampling

The field part of the study was carried out in the forest
nursery within area of village Lovce. This nursery called 
officially Nursery center Hladomer belongs under the
national company Forests of the Slovak Republic, en-
terprise Semenoles Liptovský Hrádok. It is situated at 
an altitude of 310 m asl at the foothill of the Tribeč 
Mountain. Soil in the forest nursery is clayey and on the 
place with our experimental plot has pH 7.2, content of 
phosphorus 233 mg, potassium 231 mg and magnesium 
295 mg per 1kg of dry soil.

Fruits for growing seedlings were collected from 
45year-old progenies derived from 12 old mother trees 

grown on four different localities of Slovakia, 3 trees 
from each locality (Jelenec, Horné Lefantovce, Tlstý 
Vrch and Dolné Príbelce). From each progeny at the 
time of fruit fall in 2004, about 150 fruits were ran-
domly collected and stored in plastic bags in refrigera-
tor at temperature of about 5 °C. In the mid of April 
2005, healthy, germinated or not germinated 90 fruits, 
were selected from each of 12 samples then divided to 
three batches of 30 pieces and planted in randomized 
blocks in three replications.

During the vegetation period 2006, in each of 12 
F2 progenies 15 seedlings, 5 in each replication, sho-
wing different growth intensity, were selected for in-
vestigations. Indirect measurement of chlorophyll con-
tent was carried out in all 180 selected seedlings while 
direct measurement, because of its technical demands 
and time consuming character, was carried on the re-
duced number of 81 seedlings in the reduced number of 
progenies (9 progenies after omitting progenies from 
Duchonka). 

Indirect measurement of chlorophyll content

Indirect measurement was carried out on three suc-
cessive dates during the vegetation season (June, July, 
September), each time on 5 leaves selected in acropetal 
order on the current main shoot or on the most vigo-
rous lateral shoot (in September). At the first sampling
date, in June, measurement was done directly on the 
plants without tearing off leaves. At the second and 
third dates the leaves were torn off, transferred in the 
portable cool-box to the laboratory and subjected to the 
measurement on the same or next day.

Indirect measurement of chlorophyll content was 
carried out with a portable device Chlorophyll Con-
tent Meter CL-01 (fi. Hansatech). Measurements were
made either on two spots of leaf – in its middle and on 
its top or on three leaf spots – on the base, in the middle 
and on the top, always on the left side of leaf (viewed 
to the leaf face). Only at one date, CL-01 values were 
measured on both the left and the right half of the leaf 
with the aim to assess differences in CL-01 values be-
tween the left and right leaf half.

Direct determination of chlorophyll content

Direct determination of chlorophyll content was carried 
out two times in a season (August, September) imme-
diately after measurement of CL-01 values.

Leaf samples for quantitative analysis of chloro-
phylls were collected by disc method. Circular discs 
with diameter of 8.3 mm were cut off with a metal borer 
on two places – in the middle and on the top of leaf on 
both right and left half of the leaf. Thus ten discs from 
the middle and ten discs from the top of leaf obtained 
per seedling were analyzed separately. Leaf discs were 
homogenized and processed according to the routine 
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method. Absorbance values of chlophylls a and b were 
determined by a spectrophotometer Spekol-211. Cal-
culation of chlorophyll content was done according to 
LICHTENTHALER (1987) applied for weight unit of leaf 
dry matter (mg g–1).

Determination of nitrogen content

The same leaf samples that were used for indirect and 
direct chlorophyll content measurements respectively 
were also used for the analysis of nitrogen content. 
The leaves were dried up in a drier at 65 °C until their 
weight remained stabile. The dried leaves were pro-
cessed in two ways: first they were cut to small pieces
and from this sample a batch of 0.2 g was analyzed and 
then the pieces were grounded with a mixer to powder 
from which also 0.2 g was analyzed. Nitrogen content 
was determined on CNS 2000 (LECO corp., USA) 
Analyzer working on principle of Dumas method (at 
1,000 °C). As this method also allows to determine sul-
fur and carbon simultaneously with nitrogen so these 
two elements were also determined in our samples.

Data evaluation

Data obtained from indirect measurement of chloro-
phyll content (values CL-01), direct measurement of 
chlorophylls a, b, determination of N, C and S and mor-
phometric data of the studied seedlings were evaluated 
by multifactorial analysis of variance – hierarchic mo-
del GLM and correlation analysis using statistic pro-
gram package STATGRAPHIC PLUS 5 for Windows.

Results

Variability of CL-01 values

CL-01 values, obtained using the chlorophyllmeter 
device, were highly significantly influenced by all as-

sumed sources of variance: spacial replication of the 
trial, date of measurement (June, August, September), 
provenience of mother trees from which F1 generation 
was derived (Tlstý Vrch, Horné Lefantovce, Jelenec, 
Duchonka), progeny of F1 generation within prove-
nience (3 progenies within provenience), leaf position 
on the annual shoot (5 leaves in acropetal order) (Table 
1). Also when CL-01 data were analysed separately on 
particular sampling dates, significant effect of proge-
nies, leaf position and reading position on the leaf was 
proved influencing their variation.  However, no one
of the assumed interactions was proved as significant
(Table 2).

In average, the lowest CL-01 values were observed 
on the first sampling date in June, nearly two-times
lower than in August and September dates, respectively 
(Table 3). Localities were ranked as follows, from the 
lowest to the highest CL-01 values: Jelenec, Horné Le-
fantovce, Tlstý Vrch, Duchonka. There were, however, 
differences between progenies within each origin, and 
they were very rare ranked into one homogenous group 
in case when evaluation was done for all dates total. 
In case of single dates, progenies from one origin oc-
curred more often in one homogenous group (Table 3). 
For instance, at the first date all progenies of Duchonka
and Horné Lefantovce origin and at the second date all 
progenies of Tlstý Vrch were in a single group. At the 
third date maximum two progenies of one origin oc-
curred in a single group.

Ranking the progeny means of CL-01 values was 
similar in all the three sampling dates what also corre-
lation coefficients (r = 0.61–0.67) between CL-01 val-
ues from particular samplings suggest (Table 4). Some 
progenies showed at each date either the highest (HL 
A) or the lowest CL-01 values (DP 3). However, cor-
relation between CL-01 means for seedlings from par-
ticular dates was very low (r = 0.13–0.36). Individual 
variation of CL-01 values within particular progeny 
was rather high in each date and could be affected by 
different environmental factors.

Source of variation Df MS
Spatial replication of trial        2     1,137.84**
Date of measurement        2   15,648.1**
Origin (locality)        3 232.32**
Progeny (within locality. date  and replication)      72 139.5**
Date × locality        6 240.02**
Leaf        4   80.25**
Residual 6,656    6.23
Total 6,745

Table 1.   Results of the multiple analysis of variance  of CL-01 values obtained from measurement in the leaves of  two-year- 
 old seedlings derived from 12 progenies  of European chestnut

** P < 0.01
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Table 4.  Correlation coefficients between CL01 obtained
 in three different dates (June, August, September)   
 based either on  seedlings means (n = 180) or on   
 progeny means (n = 12)

** P < 0.01

Variability of chlorophylls a and b content

Content of both chlorophylls in leaves of chestnut seed-
lings was significantly influenced by origin of proge-
nies and by progenies themselves and seedlings within 
progeny. Collecting date influenced significantly only
content of chlorophyll b and replication of trial influ-
enced content of chlorophyll a (Table 5).

In August, content of both chlorophylls was the 
lowest in seedlings of Jelenec origin, and the highest 
in seedlings of Tlstý Vrch origin (Table 6). On the con-
trary, in September, seedlings of Jelenec origin exhi-
bited on average the highest while seedlings of Tlstý 
Vrch origin the lowest content of both chlorophylls. 
On both dates, content of chlorophyll a was highly 

Table 2.  Results of three multiple analyses of variance of CL-01 values obtained from measurement in the leaves   
 of  two-year-old seedlings at three different dates (June, August, September) 

Source of variation Df MS – June MS – August MS – September
Progeny       11   49.1018**  174.955**  175.064**
Leaf        4 136.222**  223.218**    52.2187**
Position on leaf        1   93.5165**  279.682**  253.027**
Progeny x leaf      44     3.7709      9.3846      6.1807
Progeny x position      11     1.2515      1.0263      1.9919
Leaf x position        4     0.6145      1.0438      0.7306
Residual 1,724     2.9847      7.4927    11.9251
Total 1,799

June August
August 0.3583**
n = 180 0.6737*
n = 12
September
n = 180 0.1277 0.2946**
n = 12 0.6139* 0.6734*

Table 3.  Results of the  multiple comparison of LS means of CL-01 values measured in three different dates (June, August,  
 September) in two-year-old seedlings derived from 12 progenies  of European chestnut of different origin (TV – Tl- 
 stý Vrch; HL –  Horné Lefantovce; D – Duchonka; J – Jelenec) 

June August September
Progeny CL01

Mean 
Homogenous groups Progeny CL01

Mean 
Homogenous 
groups

Progeny CL01
Mean 

Homogenous 
groups

J 11 4.04 × D 3 8.52 × D 3 7.96 ×
J 5 4.50 × J 11 8.95 × × J 11 8.71 ×
D 3 4.63 × × D 13 9.00 × TV 2 9.84 ×
D 13 4.67 × × J 5 9.12 × J 2 9.89 ×
TV 8 4.92 × HL 17 9.25 × J 5 10.38 × ×
D 5 4.95 × × J 2 9.42 × × TV 8 10.49 × × ×
J 2 5.33 × × HL 18 9.86 × HL 17 10.53 × × ×
TV 2 5.34 × × D 5 10.30 × D 13 10.86 × × ×
HL 17 5.44 × TV 8 10.44 × HL 18 11.02 × × ×
TV 9 5.47 × TV 2 10.52 × × TV 9 11.12 × ×
HL 18 5.68 × TV 9 10.68 × × D 5 11.36 ×
HLA 6.08 × HLA 10.90 × HLA 11.59 ×
Mean 5.09   9.75 10.32
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significantly influenced by trial replications – the hig-
hest chlorophyll a content was observed in the third 
replication and the lowest one in the first replication.

Variability of characteristics related to the chlo-
rophyll content

Nitrogen concentration in the leaves of 81 seedlings 
was not significantly affected by any of the assumed
sources of variation (Table 7). Carbon and sulphur con-
centration in the same seedlings was highly significant
affected by the progeny origin but only in the variant of 

analysis based on the grounded leaf matter. Concentra-
tion of both elements was higher in the progenies of 
Tlstý Vrch origin (Table 8).

Weight of leaf dry matter was statistically sig-
nificant influenced by replication of experiment and
progeny origin. It was significantly higher in seed-
lings of Horné Lefantovce origin than in the remai-
ning seedlings. 

Height and diameter of seedlings were signifi-
cantly influenced by replications. The highest seed-
lings were in the first replication and the lowest ones
in the third. Seedling height varied also by progeny 
origin.

Table 5.  Results of the analyses of variance of chlorophyll a, chlorophyll b and chlorophyll a+b data obtained in two sampling  
 dates (August. September) in leaves of two-year-old seedlings of European chestnut derived from 9 progenies of  
 three different origins

Source of variation Df     MS 
Chlorophyll a

MS 
Chlorophyll b

MS 
Chlorophyll a+b

Origin     2 1.3245** 0.3567** 3.0419**
Progeny (within origin)     6 0.5452** 0.0591* 0.8568*
Seedling (within progeny)   34 0.3059* 0.0402* 0.5587*
Date of sampling     1 0.2255 0.5803** 1.5305*
Position on leaf     1 0.0861 0.0313 0.2214
Replication of trial     2 0.7557* 0.0524 1.2060*
Date × position     1 0.0082 0.0004 0.0052
Date × seedling   34 0.1936 0.0220 0.3339
Position × seedling   34 0.0455 0.0055 0.0805
Residual 208 0.1782 0.0237 0.3216
Total 323

* P < 0.05, ** P < 0.01

Chlorophyll a Chlorophyll b
Progeny August September August September
HL 17 1.58 1.68 0.56 0.51
HL 18 1.97 1.58 0.72 0.49
HL A 1.70 1.75 0.66 0.50
Mean 1.75 1.67 0.64 0.50
J 2 1.66 1.67 0.43 0.52
J 5 1.48 1.80 0.52 0.56
J 11 1.27 1.83 0.47 0.58
Mean 1.47 1.76 0.47 0.55
TV 2 1.62 1.59 0.63 0.53
TV 8 2.40 1.56 0.88 0.51
TV 9 2.10 1.58 0.70 0.49
Mean 2.04 1.57 0.73 0.51
Mean 1.75 1.67 0.61 0.52

Table 6.   Mean values of chlorophyll a and chlorophyll b content (in mg g-1 of dry matter) in the leaves of two-year-old seed 
  lings derived from 12 progenies of European chestnut
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Relationship between characteristics related to the 
chlorophyll content

For correlation analysis between characteristics related 
to the chlorophyll, data from August sampling served as 
a basis (Table 9). At this date, medium strong positive 
correlation (r = 0.61 and 0.58) was calculated between 
values of CL-01 and chlorophylls a and b observed in 
particular seedlings. On the contrary, on the September 
date, very low correlation was between the mentioned 
two values (r = 0.22 and 0.17). Between nitrogen con-
tent analyzed from grounded leaves (N1) and content of 
directly measured chlorophylls a and b as well as CL-
01 values, medium strong correlation was observed. 
Morphological characteristics of seedlings (leaf dry 
matter, stem height, stem diameter) did not correlate 
with chlorophyll, CL-01 and N data.

Discussion

Chlorophyll content in leaves may vary depending on 
both internal and external factors. The leaves grown in 
shade have higher chlorophyll content per weight unit 
compared with the leaves exposed to the sunshine (MA-
SAROVIČOVÁ and ŠTEFANČÍK, 1990; GRATANI and FOTI, 
1998). The higher content of the chlorophylls a and b 
was observed also in the leaves of black walnut, red oak 

and European chestnut, grown in the shade of canopy 
(KMEŤ et al., 2001; KMEŤ and ŠALGOVIČOVÁ, 2003). It 
is also known seasonal fluctuation of chlorophylls a 
and b, which may display a various course (DUDA and 
MASAROVIČOVÁ, 1976 ). The ratio between chlorophyll 
a and chlorophyll b is not fixed. Usually the content
of chlorophyll a is three times higher than the content 
of chlorophyll b (ratio 3 : 1). Our results have proved 
this ratio and also seasonal fluctuation of chlorophyll
content. In addition to that, also significant effect of
provenience of parental trees on chlorophyll content in 
seedlings was observed.

In winter wheat, SPAD values (values obtained 
from indirect measurement of chlorophyll content, 
similar to CL-01 values) strongly correlated with N 
content in soil and with the wheat genotype and varied 
according to the reading position on the leaf (UŽÍK and 
ŽOFAJOVÁ 2000; UŽÍK and ŽOFAJOVÁ, 2003 ). The lowest 
SPAD value was read on the top of leaf and the highest 
one in the middle of the leaf what is in accord with our 
results.

Correlation between CL-01 values and content 
of chlorophyll a and b varied according to the date of 
measurement. While in the measurement at the begin-
ning of August was this correlation medium strong, 
in the measurement in mid September it was low and 
not significant. Increasing or decreasing CL-01 val-
ues as well as chlorophyll content values from August 

Table 7.   Results of  the analyses of variance (GLM model) of 14 characteristic values measured in 81 two-year-old 
 seedlings of European chestnut derived from 9 progenies of different origin. All data except those for height 
 and diameter of seedlings obtained from one sampling in August 2006

Variable Mean squares (MS) for sources of variation
Replication 
of trial

Origin
of progenies

Progeny within 
origin

Tree within 
progeny

Residual

Chlorophyll a        0.4088         2.0518**      0.6594**      0.1540      0.1955
Chlorophyll b        0.0239         0.4151**      0.0622*      0.180      0.2778
Chlorophyll a + b        0.630        4.2662**      1.0390*      0.2706      0.3597
CL01      29.919**        6.170      6.390      3.8760      4.0761
N1        0.0747        0.0314      0.0407      0.0445      0.0828
C1        0.5030      65.6188**    11.0921      4.1249      5.8407
S1        0.0839        0.8704**      0.0887      0.0623      0.0571
N_12        0.080        0.0067      0.0734      0.0491      0.0950
C_12        0.0203        1.0348      1.8502      1.3081      1.3382
S_12        0.0000        0.0929      0.0612      0.0513      0.0643
Dry matter        1.4073*        1.4469*      0.3941      0.3168      0.3648
Leaf disk        0.2048        0.1604      0.0757      0.0880      0.1290
Stem height 7,036.67** 1,066.54*  198.67  269.58  209.05
Stem diameter      90.263**        9.871    10.234      9.600      9.458

Df for individual sources of variations are as follows: replication – 2, origin – 2, progeny within origin – 6, tree within pro-
geny – 34, residual – 36.  Df total (corrected) – 80
* P < 0.05, ** P < 0.01
1Data obtained from cut leaf samples, 2Data obtained from grounded leaf samples
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to September sampling was not regular in individual 
seedlings but certain regularity occurred in mean val-
ues for individual progenies especially for CL-01 val-
ues. Mean chlorophyll values varied mostly irregularly 
– for instance in seedlings of Tlstý Vrch and Horné Le-
fantovce origin decreased but in seedlings of Jelenec 
origin increased from August to September. Explana-
tion of these results needs apparently a new experiment 
and especially new analysis of chlorophyll content on a 
new device. Namely the old device for determination of 
chlorophyll content might be the reason of low correla-
tion between values of direct and indirect chlorophyll 
measurements observed in our work. Literature data 
point mostly at strong correlations between chlorophyll 
content and SPAD values (CASTELLI et al., 1996; YAMA-
METO et al., 2002; ICHIE et al., 2006)
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Variabilita obsahu chlorofylu a obsahu dusíka v listoch dvojročných 
semenáčikov gaštana jedlého rôzneho pôvodu

Súhrn

Ako pokusný materiál boli v práci použité dvojročné semenáčiky gaštana jedlého vypestované v lesnej škôlke 
Hladomer pri obci Lovce z plodov zozbieraných v roku 2004 na trvalej experimentálnej ploche v Horných Lefan-
tovciach z 12 rôznych potomstiev vo veku 45 rokov. Tieto potomstvá pochádzali z 12 starých stromov zo štyroch 
lokalít Slovenska, tri stromy z každej lokality (Jelenec, Horné Lefantovce, Tlstý Vrch a Dolné Príbelce). V roku 
2006 v troch rôznych termínoch (jún, august, september) sa robilo nepriame meranie obsahu chlorofylu v listoch 
semenáčikov pomocou prenosného prístroja – chlorofylmetra Chlorophyll Content Meter CL-01 (fi. Hansatech).
V auguste a septembri následne po meraní chlorofylmetrom sa robilo aj priame stanovenie chlorofylu deštrukčnou 
metódou pri 81 semenáčikoch z 9 potomstiev (nehodnotili sa potomstvá z lokality Duchonka). Pri listoch zobra-
ných v auguste sa zisťoval aj obsah dusíka na CNS 2000 analyzátore. Variabilita hodnôt nepriameho stanovenia 
chlorofylu (CL-01 hodnoty) ako aj priameho stanovenia chlorofylu bola štatisticky významne ovplyvnená dátu-
mom odberu vzoriek, pôvodom – lokalitou materských stromov ako aj jednotlivými potomstvami v rámci jedného 
pôvodu. Hodnoty CL-01 boli najnižšie v júnových a najvyššie v septembrových vzorkách a hodnoty priameho 
stanovenia chlorofylu boli vyššie v auguste ako v septembri, no štatisticky významne iba pri chlorofyle b. Pri 
augustových vzorkách boli pozorované aj štatisticky významné rozdiely v celkovom obsahu chlorofylov (a+b) 
medzi semenáčikmi rôzneho pôvodu. Najvyšší obsah bol pri semenáčikoch pôvodu Tlstý Vrch, nižší pri pôvode 
Horné Lefantovce a najnižší pri pôvode Jelenec. V obsahu dusíka však neboli zaznamenané rozdiely medzi jednot-
livými pôvodmi. Korelácia medzi obsahom chlorofylu a obsahom dusíka pri 81 sledovaných semenáčikoch bola 
len stredne silná (r = 0,413 a 0,419).
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