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Abstract

Nitrogen deficiency strongly influences crop photosynthetic performance and biomass production. In this study,
we applied rapid, non-invasive records of chlorophyll a fluorescence kinetics for evaluation of wheat (7riticum
aestivum L.) leaf photosynthetic performance. Plants were grown during the whole season in big pots filled with
the soil substrate and they were supplied by different doses of nitrogen nutrition. The plant nitrogen and leaf
chlorophyll content as well as the plant aboveground biomass were analyzed after chlorophyll fluorescence records
in three growth stages. Our results confirmed that the maximum quantum yield of photochemistry frequently used
in previous studies was almost insensitive to nitrogen treatment, if measured in young, non-senescent leaves.
On the contrary, the performance index was much more responsive. The performance index values derived from
parallel measurements in the youngest and third leaf from the top were used to calculate performance index leaf
ratio, which correlated well with the plant nitrogen content. Moreover, this parameter was not sensitive to midday
depression, which significantly affected the values of other chlorophyll fluorescence parameters. Although the
optimum performance index leaf ratio values decreased continuously in the second part of the growing season, the
optimum and critical values for each growth stage can be easily identified. Thus, we suggest performance index
leaf ratio as the simple parameter for the rapid evaluation of the wheat photosynthetic performance and an early
indicator of insufficient nutrition level. Unlike some other approaches, suggested method seems to be useful also
in conditions of a moderate nutrient deficiency.
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Introduction

Nitrogen fertilizationis one of the mostimportant  conditions with different nitrogen supply, which can be

crop management techniques for production of field crops
(Janusauskaite, 2013), especially in conditions affected
by adverse environmental factors (Sincik et al., 2013).
Nitrogen nutrition influences the plant photosynthetic
capacity through the decrease of synthesis of several
key photosynthetic enzymes, especially of Rubisco
(ribulose-1,5-bisphosphate carboxylase/oxygenase), thus
affecting the carbon assimilation, and subsequently also
the photochemical processes in thylakoid membranes
(Harbinson et al.,, 1990). Therefore, the thylakoid
membrane structures are adjusted to maintain high
efficiency in the conversion of energy and to avoid
the over-reduction of photosynthetic electron chain in

easily identified using proper analytical methods (Lu
etal., 2001).

The optical measurements based on reflectance
or absorbance changes of leaf chlorophyll content have
been often applied to characterize the status of the
photosynthetic apparatus; however, they contain no
information on the photosynthetic activity (Castro etal.,
2011). On the other hand, the various methods based
on records of chlorophyll fluorescence were shown to
be reliable, non-invasive, powerful and simple tools
for assessment of photosynthetic electron transport and
related photosynthetic processes (Kalaji et al., 2012).
Although the basic chlorophyll fluorescence parameters
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such as basal fluorescence (F,), maximum fluorescence
(F ) or the maximum quantum yield of photochemistry
(F/F ), contain valuable information on the status of
photosynthetic apparatus (Hola et al., 2010; Janusauskaité
et al., 2011), these parameters are non-specific and often
insensitive to many environmental effects (Lawlor,
Cornic, 2002; Baker, 2008; Brestic et al., 2012). Much
more useful and also generally accepted are parameters
obtained by the saturation pulse method in light adapted
leaves in steady-state conditions (Baker, 2008); the
measurements are, however, time consuming, more
suitable for basic research than for practical applications
in field conditions. More recently, the non-invasive
analysis of polyphasic fast chlorophyll transient has been
introduced for rapid evaluation of the photosynthetic
function in a high number of field grown plants (Strasser
etal., 2000; Stirbet, Govindjee, 2011). The method
is based on high-frequency record of chlorophyll
fluorescence emitted by dark adapted leaf during short
(usually one second lasting) pulse of strong actinic light by
fluorimeter. The shape of fluorescence curve reflects the
photochemical efficiency of the photosynthetic apparatus
and it provides valuable information on the functional
and structural attributes of components involved in
photosynthetic electron transport, mainly photosystem
IT (PSII). The fluorescence rise during the first second
of illumination shows a sequence of phases (labelled as
O, K, J, I, P) from the initial (F)) to the maximal (F )
fluorescence value. The mathematical model of the
polyphasic transient was developed and named as JIP-
test (Strasser, Strasser, 1995). It enables calculation of
specific biophysical parameters, quantum yields and
probabilities characterizing structure and function of PSII;
moreover, it provides also some integrative parameters.
Strasser et al. (2000) introduced the performance index
(PI,;,) as the product of three independent parameters,
combining structural and functional criteria: density
of reaction centres, the quantum efficiency of primary
photochemistry and conversion of excitation energy in
electron transport. This parameter was found to be much
more sensitive to environmental effects than commonly
used parameter F /F_ (Zivcak et al., 2008) and it was
shown to be well correlated with photosynthetic capacity
measured as CO, assimilation (Ripley et al., 2004).

The JIP-test analyses were applied several times
in studies dealing with nitrogen deficiency in plants
and the effect of poor nitrogen supply on PSII has been
recently well described (Lu et al., 2001; Redillas et al.,
2011; Li et al., 2012). These papers have shown that the
rapid fluorescence analysis can be useful for assessing
the physiological effects of nitrogen deficiency on plants,
but they do not provide a way how to use the method in
practical field; our study attempted to address this issue.

In our study, we present the results recorded in
winter wheat in three different growth stages and four
different nitrogen nutrition levels. More specifically, we
also present here the new parameter based on parallel
records of chlorophyll fluorescence kinetics in two
different leaf positions. The aim of the study is to assess,
whether the proposed approach based on fast chlorophyll

fluorescence records measured in two leaf levels would
be able to identify the level of nitrogen nutrition by
quantification of leaf photosynthetic status. Moreover, we
will test whether this approach will be more useful than
data obtained by a conventional single-leaf approach.

Material and methods

Cultivation of plants. Pot experiment with
winter wheat (cv. ‘Akteur’) was established on the
22M of October, 2012 in a vegetation cage of Slovak
University of Agriculture in Nitra. Each pot contained 20
kg of medium heavy brown soil. Owing to the fact that
there was sufficient content of mineral nitrogen (N . ) —
15 mg kg!, phosphorus (P) — 90 mg kg and potassium
(K) — 224 mg kg, in the soil autumn fertilization with
mineral fertilizers was not performed. Grain was sown
by hand, 32 grains per pot. After wintering, regenerative
fertilization of winter wheat with nitrogen was done in
spring (18" April, 2013) as follows: treatment 1 — 0 g
N per pot (0 N), treatment 2 — 0.5 g N per pot (0.5 N),
treatment 3 — 1.0 g N per pot (1 N), treatment 4 —2.0 g N
per pot (2 N). Nitrogen was applied in the form of liquid
fertilizer DAM-390 (UAN-390, Duslo JSC, Slovakia)
diluted with water at a ratio of 1:5 (1 part of fertilizer in
5 parts of water). Each treatment was replicated 6 times,
i.e. each treatment consisted of 6 pots. During growing
period soil moisture in pots was maintained at the level
of 50-60% of full soil water capacity. Aboveground
phytomass of plants from one pot in each treatment was
sampled three times (3 and 21 May and 7 June) during
the vegetation period.

Analysis of total nitrogen. Total nitrogen per dry
mass (DM) unit in wheat leaves and whole aboveground
phytomass was analyzed in dry mass of bulked samples
from 15 plants (after drying at 60°C). The content of
total nitrogen (in mg g' of DM) was analyzed using the
standard Kjeldahl method. The presented data represent
the average value of two parallel samples.

Determination of chlorophyll content. Segments
of leaves of sun and shade plants were homogenized
using sea sand, magnesium carbonate (MgCO,) and
100% acetone and then extracted with 80% acetone. After
2-minute centrifugation at 2.500 rpm, the absorbance
of the solution was measured, by a spectrophotometer
(Jenway, UK) at 647 and 663 nm, with correction
for scattering at 750 nm. The concentrations of total
chlorophyll per leaf area unit were determined, using the
equation of Lichtenthaler (1987):

total Chl = (7.15xA,, + 18.71xA, )xD (1),

where the concentrations of the pigments are
calculated in mg dm™; A is the absorbance at a given
wavelength (n) after correction for scattering at 750 nm,
D — the optical thickness of the cuvette; results were also
recalculated in mg m™ using the volume of solution and
the area of leaf segments.

Chlorophyll  fluorescence  measurements.
Chlorophyll a fluorescence measurements were
performed using the Handy-PEA Continuous Excitation

647
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Plant Efficiency Analyser (Hansatech Instruments Ltd,
UK). The leaf clips were placed on the leaves 20 minutes
prior to the measurements to provide dark adaptation.
After that, samples were illuminated with continuous
red light (wavelength in peak 650 nm, spectral line
half-width 22 nm). The light was provided by an array
of three light-emitting diodes. The light pulse intensity
used was 3500 pmol m? s and the duration of the light
pulse was 1 s. The fluorescence signal was recorded with
a maximum frequency of 105 points s’ (each 10 ps)
within 0 to 0.3 ms, after which the frequency of recording
gradually decreased collecting a total of 118 points within
1 s. Leaf segment measurements were performed in the
middle part of a leaf blade, away from the main leaf vein.
Chlorophyll a fluorescence transient data were used to
calculate the parameters. The F, level was measured as
the fluorescence at 50 ps (F sou0)- Maximum quantum
efficiency of PSII photochemistry (F /F, ) was calculated
according to the equation:

F/F =(F —F)F_ 2).

Performance index (PI) was calculated as:

1- (Ful'(Fm) % Fm — Fn % 1 _VJ
M,/V; Fy V;

).

Plaps =

where F| means fluorescence intensity at 50 ps,
F  represents maximal fluorescence intensity, V| is relative
variable fluorescence at 2 ms (J-step), calculated as:

V,=(F, . —F)EF —F) 4).

M, represents the initial slope of fluorescence
kinetics, which can be derived as:

Mo =4 (FSOOus - Fo)/(Fm - Fo) 4.

Chlorophyll fluorescence measurements were
done in three cycles: in the growth stages of tillering, stem
elongation and before anthesis. Measurements were done
always on the newest, fully developed leaf (Leaf 1) and
on the third leaf from the top (Leaf 3). Moreover, after
anthesis was done also test of parameter stability during
hot and sunny day. The fluorescence parameters were
calculated separately for Leaf 1 and Leaf 3; moreover, the
ratio of PI, . of Leaf 3 and Leaf 1 recorded at the same
plant was also calculated and denoted as performance
index leaf ratio (PILR), calculated as follows:

PILR =PI /P (6).

ABS, Leaf 3’ ABS, Leaf |

Statistical analysis. The reported data of
chlorophyll fluorescence parameters and leaf chlorophyll
content represent the mean +/— standard error. Statistical
analysis was performed using analysis of variance
(ANOVA) followed by Tukey HSD test (o = 0.05) by
STATISTICA, version 9.0 (Statsoft Inc., USA).

Results and discussion

Different doses of nitrogen fertilizers led to
differences in nitrogen content in leaves as well as to
significant differences in production of biomass and
some related parameters as shown in Table. Obviously,
the highest difference was between treatment without

nitrogen supply (0 N) and other three treatments in nitrogen
content as well as in all growth parameters, the differences
among 0.5 N, 1 N and 2 N were lower, but in many cases
significant, confirming the positive relationship between
nitrogen supply, the leaf chlorophyll content and biomass
production. Nonetheless the production of biomass
corresponded more to the nitrogen supply than the leaf
nitrogen content. The graduation of nitrogen doses fully
corresponds with the total nitrogen per plant.

In general, chlorophyll fluorescence techniques
have been frequently employed in physiological
analyses of nitrogen deficiency in plants; however, with
the exception of analytic mechanistic studies, most
of the papers use the maximum quantum yield of PSII
photochemistry (F /F ) as the main and often the only
chlorophyll fluorescence parameter. It is because the
measurements of F  and F_ are very simple and very
fast; moreover, the results can be simply interpreted, as
any deeper increase below 0.80 indicates the negative
influence of observed factor on photosynthetic apparatus
(Brestic, Zivcak, 2013). However, it is well known that
F /F  is insensitive to many factors that negatively affect
plant photosynthesis, such as drought (Zivcak et al., 2008).
In plants exposed to nitrogen deficiency lower values of
F /F _ were often found (Guidi et al., 1997; JanuSauskaite,
Feiziene, 2012). However, our results indicate, that in the
youngest, fully developed leaf there is no decrease of
F /F_ values due to nitrogen deficiency (Table).

A different trend was found in the PI, .. where
the significantly lower values were found in plants
poorly supplied with nitrogen (Table). Although the
F /F  is contained in the formula for calculation of PI, it
is supplemented by other components of PSII structure
and function related to photosynthetic electron transport
(Strasser et al., 2000). More specifically, the decrease of
PI,,, was mainly due to loss of the density of reaction
centres (Lu et al, 2001; Dudeja, Chaudhary, 2005).
Similar results were observed in soybean (van Heerden
et al.,2004) and maize (Liet al.,2012). In our experiments,
the values of PI, . in 0 N treatment were significantly
lower at all three growth stages (Table). It corresponds
with the lowest leaf nitrogen and chlorophyll content as
well as with low production of biomass. However, the
difference between 1 N and 2 N were mostly insignificant.
Moreover, the PI, . values in plants well supplied with
nitrogen were lower at stem elongation than in the other
two growth stages.

One of the most typical responses to low nitrogen
supply is the N-redistribution from older leaves into
youngest growing parts (Hocking, 1994). This, in fact,
influences the results of photosynthetic measurements
in N-deficient plants in two ways: (i) the moderate
nitrogen deficiency will have only minor effects at the
level of the top leaf, as it is sufficiently supplied by re-
distributed nitrogen, and (ii) the photosynthetic capacity
of lower leaf positions could be strongly reduced. It is
even more complicated in later developmental stages
of cereals, as after emergence of the head the nitrogen
can be re-distributed also from leaves into the spike, as
disassembly of photosynthetic apparatus under stress
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Table. Plant nitrogen, leaf chlorophyll content and chlorophyll fluorescence parameters recorded at three growth
stages of winter wheat

Growth stage Tillering Stem elongation Pre-anthesis
N dose (BBCH 25-29) (BBCH 35-39) (BBCH 55-60)
g pot’! 0 0.5 1 2 0 0.5 1 2 0 0.5 1 2
P lamml\;;(_’lmem 240 386 380 431 131 250 289 278 105 144 205 266
Total Nﬁf’; plant go 919 284 372 76 272 344 431 55 285 438 736

Plantaboveground 50 57 075 086 058 109 119 155 052 198 214 277

biomass g
*
Total z‘;"éﬁﬁ’hy” 172.8 2 381.9bc 457.7¢ 433.8¢ 233.5a 497.7bc 596.8 ¢ 576.4c¢ 182.0a 361.8b 5173 ¢ 619.6d
FJF * 083a 083a 0.83a 083a 083a 08Ib 08lb 080b 082ab 0.82ab 0.83ab 0.83a
PI,, * 134a 268c 28.1cd 29.1cd 143a 21.6b 221b 21.0b 1l4a 256¢ 300de 318e

Note. Small letters indicate statistically homogenous groups (ANOVA, Tukey HSD test, a = 0.05); * — determined in upper,
youngest, fully developed leaves.

conditions can be a valuable source of nitrogen for the  PI, .. measured in top (Leaf 1) and the third leaf (Leaf 3)
grain (Vassileva et al., 2012). Therefore, in addition to  on the same stem at the same time, which we denoted
measurements in the youngest leaf positions, we also as PILR (Fig. 1). Although this approach may seem
measured the third leaf from the top. Instead of assessing  unnecessarily complicated, the advantages of using this

two positions separately, we suggest using the ratio of  parameter are discussed below.

A 12 4 B 12 C 12 -
1 - b c ¢ 1 1 c c 14

0.8 0.8 1 b 0.8 - b b

5 06 1 4 ﬁ 0.6 - 5 0.6 1 g/g/o‘_‘;
& 04 1 /044 @ = 04
0.2 1 0.2 1 0.2 4

0 T T T ] 0 r . T . 0 T T T )
0.0 05 1.0 2.0 00 0.5 1.0 2.0 0.0 0.5 1.0 2.0
N dose g pot™! N dose g pot™! N dose g pot™!

Notes. The results of assessments carried out at three different growth stages are presented: at tillering (A), during stem elongation
(B) and before anthesis (C). The points represent the mean values, error bars represent the standard error and the small letters
indicate statistically homogenous groups (according to results of ANOVA with post-hoc Tukey test, a = 0.05).

Figure 1. The mean values of performance index leaf ratio (PILR) calculated as ratio between performance index
(PI,..) values recorded in upper leaf (Leaf 1) and third leaf from the top (Leaf 3)

ABS

It is obvious, that in addition to O N, the PILR  instead of PI,, and F /F_was the higher observed level

ABS
was significantly decreased also in 0.5 N; it was not the  of correlation with plant nitrogen content (Fig. 2).

case of PI, ... Another argument for using this parameter

A 4 - B 40 - C 1 7
% .'{3."d ans T sressdfeaFyens
038 1 2 30 1 00 oo 08 1 meeroRe
i © .-9-.' w o] o 4
- g’j Q" o 2204 OO 3 g'j
e 04 4 =™ " -
~%0 ] "° o =
02 - 10 0.2 :
: R*=0.6387 R?=0.3384 ' R*=0.0703
0 T T T T 1 0 1 T 1 1 0 T T T T 1
0 10 20 30 40 50 0 10 2 30 40 50 0 10 20 30 40 50
Plant N mg g*! Plant N mg g-! Plant N mg g*!

Note. The mean values of parameters obtained in all three growing stages are used in graphs.

Figure 2. Performance index leaf ratio (PILR) (A), performance index (PI
photochemistry (F /F ) (C)

aps) (B) and maximum quantum yield of
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While the F/F_ was not influenced by plant
nitrogen supply, the relationship between the plant
nitrogen content and mean values of PILR and PI,
were significant. However, we have to admit that the
R? values were not too high, mainly due to variation in
values recorded at individual growth stages. Moreover,
there is an important issue how environmental effects
and diurnal changes of external conditions influence
the values of chlorophyll fluorescence parameters. For
that reason we conducted a special set of measurements
during a hot and sunny day at grain filling stage (Fig. 3).
Comparison of morning measurements with those done
in the afternoon (after plants were exposed for several

hoursto high lightand high temperature) clearly indicates
the midday depression well-evident in PI, ¢ values as
well as in F /F_values (Fig. 3 B and C). Both parameters
decreased significantly as the result of photoinhibition
supported by high temperature conditions. High light
conditions lead to decrease of all of the three components
included in PI, , including F /F_, but mostly the number
of reaction centres (Zivcak et al. 2014). Therefore, the
values recorded in the afternoon represent only half
of the values found in the morning. Thus, the artifacts
can be easily obtained if the inappropriate experimental
design is used (e.g., measuring one genotype/treatment in
the morning and another afternoon).

A 06 - a a B 25 - a C 09 -
I I 20 - I a

o 04 s ] b 08 - b
= 2 " 3 =
[~ W - 4 =

0.2 = 10 = 0.7 4

5 .
0 L) 1 0 T 1 0.6 T 1
7:00-9:00  13:00-16:00 7:00-9:00 13:00-16:00 7:00-9:00  13:00-16:00

Time of measurements

Time of measurements Time of measurements

Notes. The records were done during a sunny and hot day (air temperature ranged from 18°C at 7:00 to 32°C at 16:00). Measurements
for assessment of diurnal changes were done in plants with optimum nitrogen nutrition (1 N) after anthesis (BBCH 70-75). The
columns represent the mean values; error bars represent the standard error, and the small letters indicate statistically homogenous
groups (according to results of ANOVA with post-hoc Tukey test, o= 0.05). PI, .. and F /F were measured in upper leaves.

Figure 3. Values of performance index leaf ratio (PILR) (A), performance index (PI, ) (B) and maximum quantum
yield of photochemistry (F /F ) (C) measured between 7:00-9:00 in the morning and between 13:00-16:00 in the

afternoon

On the contrary, the mean values of PILR
parameter were not affected by midday depression,
probably due to similar environmental effects in both leaf
positions used in calculation of PILR ratio. Therefore, we
suggest using this parameter as a more reliable and easily
interpretable parameter directly associated with the effect
of nutrient remobilization, which stands out in conditions
of nitrogen deficiency. It is, however, obvious that it is
not possible to generalize the results and take only one
optimum PILR level valid for all growing season. A more
appropriate way is to define optimum (and/or critical)
PILR value for each growth stage. Plotting of our results
suggests that while in the first part of the growing season
the PILR values were almost constant, starting with the
appearance of the spike, the PILR level continuously
decreased (Fig. 4). It is in accordance with the fact
mentioned above that the spike assumes gradually the
function of the main nitrogen sink instead of upper leaves
(Vassileva et al., 2012). Interestingly, the PILR values in
N-deficient plants were almost stable.

From a practical point of view, the values of
PILR between optimum-N and zero-N curves at any
growth stage indicate partial nutrient (the most probably
nitrogen) deficiency (Fig. 4). As the measurements are
really very quick (one record takes only one second
and parallel measurements in one plant take only
a few seconds, providing immediately useful data

for calculation of PILR parameter), we believe this
approach is very useful and reliable, especially at early
growth stages, when the additional nutrition might be
efficiently applied.

19 5 a
0.8 A b
e 0.6 c
= d .
%04 A e
RN )
0.2 1 —&— optimum-N
0 O zero-N

20 30 40 50 60 70 80
Growth stage (BBCH)
Note. In N-deficient plants, the third leaf was not present (dry)

at the last growth stage (after anthesis), therefore PILR could
not be calculated.

Figure 4. Values of performance index leaf ratio (PILR)
at four growth stages across the growing season in
optimally fertilized plants (full symbols) and in plants
without nitrogen supply (empty symbols)

To be precise, the decrease in single chlorophyll
fluorescence parameter (or any other parameter based on
optical analyses) cannot be used as a specific symptom
of nitrogen nutrition; they only express the decrease
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of photosynthetic capacity due to lack of nitrogen; the
same decrease could be caused by many other factors.
Moreover, in natural conditions, the nitrogen insufficiency
may occur together with other stress factors, including
deficiency of other nutrients. Anyway, the stresses
which acts more-or-less equally at any leaf level will
affect the PILR parameter less than other parameters.
Unlike the other nondestructive parameters, the PILR
parameter reflects primarily the effect of redistribution,
which is typical mostly for nitrogen. In part this may
be complicated by the fact that the redistribution may
occur also in a few other nutrients (e.g., magnesium).
Fortunately, several studies have indicated the specific
PSII-related effects reflected in changes of specific
parameters derived from fast chlorophyll fluorescence
records (Jiang et al., 2003; Husted et al., 2009; Kalaji
et al., 2014). Thus, the contribution of other nutrients to
redistribution-related changes in photosynthetic function
can be easily detected without the need for any additional
measurements. Anyway, the method needs to be further
tested and improved to be sufficiently precise and reliable
for practical use.

Conclusions

1. Presented results indicate that the parameters
derived from rapid and non-invasive chlorophyll
fluorescence records may be used for assessment of leaf
photosynthetic function affected by insufficient nitrogen
supply.

2. The approach based on parallel measurements
in two leaves on the same stem enables calculation of the
performance index leafratio (PILR), as a useful parameter
detecting the loss of photosynthetic capacity in lower leaf
positions due to nitrogen remobilization, which is directly
related to the level of nitrogen deficiency.

3. The PILR parameter was shown to be
insensitive to changes in external conditions during
measurements, making this parameter more reliable.

4. The optimum and critical PILR levels can
be defined for each growth stage, which can serve for
evaluation of the nutrition sufficiency/deficit during whole
growing season. Thus, the presented method, including
PILR, seems to be useful for practical applications,
including field trials.
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Santrauka

Azoto trukumas turi didelés jtakos augaly fotosintezei ir biomasés gamybai. Straipsnyje pateikti tyrimy duomenys
gauti taikant greitg neinvazinj chlorofilo a fluorescencijos kinetikos metoda, siekiant nustatyti paprastojo kviecio
(Triticum aestivum L.) lapy fotosintezés veikla. Augalai visa sezong auginti didelinose vegetaciniuose induose,
pripildytuose dirvozemio substrato, ir tresti skirtingu kiekiu azoto. Azoto kiekis augaluose bei chlorofilo lapuose ir
augaly antzeminé biomasé nustatyti po chlorofilo fluorescencijos matavimo, atlikto trimis augaly augimo tarpsniais.
Tyrimy duomenys patvirtino, kad maksimalus kvanty naSumas, susij¢s su fotosintezés intensyvumu ir matuotas
jaunuose, be senéjimo pozymiy lapuose, buvo nejautrus treSimui azotu. PrieSingai nei Sie rodikliai, aktyvumo
indeksas buvo jautresnis. Paraleliniai jauniausiy ir trecio nuo vir$uinés lapy aktyvumo indekso matavimai buvo
panaudoti lapy veiklos indekso — aktyvumo indeksy santykio, kuris koreliuoja su treSimu azotu — nustatyti. Be to,
Sis rodiklis nejautrus vidurdienio depresijai, kuri turi jtakos kitiems fotosintezés fluorescencijos parametrams. Nors
augalams augant optimalus lapy aktyvumo indekso rodiklis nuolat mazéja, atskirais augimo tarpsniais jo kritinis
ir optimalus parametrai nesunkiai nustatomi. Galima teigti, kad lapy aktyvumo santykio indekso nustatymas yra
paprastas rodiklis, siekiant greitai jvertinti kvieciy fotosintezés aktyvuma ir azoto trilkuma. Skirtingai nei kiti, §is
metodas tinka ir vidutiniam maisto medziagy trikumui augaluose nustatyti.

ReikSminiai zodziai: aktyvumo indeksas, augaly diagnostika, fotosintezé, JIP testas, neinvaziniai metodai.



