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Abstract

The goal of this study was to evaluate the variability of SPAD chlorophyll meter values in switchgrass (Panicum
virgatum L.) accessions and improve the selection of plants most suitable for biofuel. Chlorophyll values were
recorded five times during plant vegetation from stem elongation to seed filling stages for two consecutive years.
Chlorophyll content was increasing from the stem elongation to the anthesis and later declined. Chlorophyll values
reached the maximal mean values of 36.8 to 42.3 (device units) during anthesis depending on the evaluation year
and the nursery evaluated. This shows that Lithuanian climate conditions are favourable for photosynthetic activity
of switchgrass. Chlorophyll values were successfully differentiated at the accession and individual plant level. As
a cross-pollinating species, switchgrass plants, characterized by high chlorophyll values, should be selected until
anthesis. At this stage the differences between chlorophyll value coefficients of variation of the accessions were
similar to those during the anthesis. The mean coefficients of the variation of accessions’ chlorophyll values during
heading ranged from 4.98% to 15.0%. Such coefficients show low variability within the accessions but a higher
possibility for the selection of plants with desirable chlorophyll values from a broad range of accessions. Selection

of plants with similar chlorophyll values should accelerate development of new cultivars.
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Introduction

Switchgrass, a perennial C4 type warm-season
grass native to the prairies of North America, has
been identified by the US Department of Energy as its
main species of emphasis for the development into a
herbaceous biomass fuel crop (Vogel, Jung, 2000). The
species is able to adapt to the growth at different altitudes
(Fike et al., 2006). It has become one of the potential
new crops in the European countries with Mediterranean
climate in the South and oceanic climate of the Western
Europe (Monti, 2012). The biomass from switchgrass
could be used as a multipurpose bioenergy feedstock for
biogas, bioethanol of the second generation and direct
combustion (Demirbas, 2003).

Lithuania is European North where switchgrass
could be effectively grown (Elbersen, 2001; Wullschleger
et al., 2010). Switchgrass investigations under cool
temperate climate conditions are scarce. Initial research
on switchgrass showed promising results of this grass as
solid biofuel and biogas stock under Lithuanian temperate
climate conditions (Butkuté et al., 2013).

Comprehensive studies have demonstrated
the use of a hand held chlorophyll meter SPAD 502 for
evaluation of chlorophyll level in plants as in the most

cases strong correlations were shown between the results
of the mentioned device and the results of traditional
methods (Giunta et al., 2002; Udding et al., 2007). The
impact of various factors on a chlorophyll level can be
evaluated using a SPAD chlorophyll meter (Martinez,
Guiamet, 2004; Chunjiang et al., 2007) as well as other
devices (Ozyigit, Bilgen, 2011). SPAD chlorophyll
meter readings were used for the evaluations of the
genetic variation in the populations of many plants as
well (Giunta et al., 2002; Hassan et al., 2009; Songsri
etal., 2009; Kashiwagi et al., 2010). The research works
on switchgrass are very numerous and comprehensive.
However, the available information about switchgrass
investigations using SPAD chlorophyll meter reading
is very limited (Madakadze et al., 1999). This research
showed the relationships between SPAD chlorophyll
meter readings, a nitrogen level and a grass yield. On the
other hand, the photosynthetic peculiarities of switchgrass
are investigated at some level (Wullschleger et al., 1996;
Mitchell, 2012).

The new cultivar development undergoes
several stages. One of them is to meet the European
standards of the new cultivar distinctness, uniformity
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and stability (DUS). The new cultivar description and
evaluation according to the DUS standards are performed
under field conditions mainly using visual evaluations
and measurements (UPOV, 2002). Switchgrass is a
cross-pollinated plant (Kwrr, Stewart, 2012); therefore,
its cultivars consist of genetically and phenotypically
different plants. The uniformity of plants must be high
enough to fit the standards. The evaluation of the parental
material as well as subsequent progenies using SPAD
chlorophyll meter readings should enable selecting
of the more uniform populations as well as plants in
these populations. A survey of SPAD chlorophyll meter
reading variations of the switchgrass accessions among
populations, plants and years should provide a clearer
differentiation of these accessions and a possibility for
the selection of desirable switchgrass plants.

The task of this study was to evaluate
the variability of SPAD (Soil and Plant Analyzer
Development) chlorophyll meter values in switchgrass
accessions to improve the selection of plants most
suitable for biofuel. A plant with similar chlorophyll
values should be more desirable for developing of a new
cultivar in shorter terms.

Material and methods

The experimental collection was set up using
the seedlings grown in a greenhouse. The seeds for the
germplasm collections of switchgrass were obtained from
the Plant Genetic Resources Conservation Unit (PGRCU)
of the United States Department of Agriculture and
Agricultural Research Service. The part of the collection
set up in 2010 was qualified as a germplasm collection
of the second and third harvest year (nursery A) and the
part setup in 2011 — as a germplasm collection of the first
and second harvest year (nursery B), respectively in 2012
and 2013. The tested accessions included 8 varieties and
32 wild ecotypes. Each accession consisted of 32 plants
spaced 0.5 m apart. Twenty accessions were setup in 2010
and 20 accessions were set up in 2011, in cereal grass
breeding nurseries of Institute of Agriculture, Lithuanian
Research Centre for Agriculture and Forestry.

The soil of the experimental site is Endocalcari-
Epihypogleyic Cambisol (CMg-p-w-can) with the
following characteristics of a plough layer (0-25 cm):
pH ranging from 7.1 to 7.3, humus content — from 2.2 to
3.0%, available phosphorus (P,0,) — from 160 to 200 mg
kg, available potassium (K,0) — 120 and 150 mg kg
in fields where nurseries were established in 2010 and
2011. Fertilizer N P, K  was applied pre-planting once
and N, was applied each spring of the following years.
Weeds were controlled by herbicides every year.

The chlorophyll meter SPAD-502 (Konica
Minolta, Japan) measurements in the switchgrass
collection were carried out five times in 2012 and 2013
during vegetation periods at the stages of stem elongation
(1), booting (2), heading (3), anthesis (4) and seed filling
(5). All survived plants per population were evaluated.
The uppermost fully expanded leaf blades were

measured. Three leaves were selected per plant; each leaf
was measured in 9 places covering all leaf blade parts.
The chlorophyll values of the ten individual plants were
selected to be presented in Figure 1. Data of all survived
plants were presented in Figure 2. Nursery A had 142 and
183, and nursery B — 60 and 110 plants in 2012 and 2013,
respectively.

The weather conditions were rather different
between the seasons. The first season 2011-2012 was
characterized by a mild winter, early spring and wet
summer. The second season 20122013 was characterized
by a cold and long lasting winter, a very late dry and
warm spring and a changeable summer with heat waves.

The data were processed by statistical analysis
ANOVA.

Results

Regardless of the differences in the
meteorological conditions during the growing season,
switchgrass started vegetation very similarly with a few
days’ difference in the second half of May during both
years and in both nurseries. The majority accessions of
nursery A overwintered well during both years, whereas
the accessions of nursery B were highly damaged by
winter in 2012 but not in 2013.

The dynamics of SPAD values of ten individual
plants of switchgrass over the two years are presented in
Figure 1. In most cases, chlorophyll concentration was
increasinguntil anthesis. The evaluation during seed filling
stage showed a decrease in most cases. The accessions of
nursery A showed more stable chlorophyll values among
the genotypes in both years compared to the accessions
of nursery B. The chlorophyll values were higher during
the first evaluation of both groups in 2013. The main
reason could be much later but warmer and dryer spring
and the first half of June in 2013 compared to 2012. The
peak of chlorophyll values was reached during anthesis.
Chlorophyll values ranged from 32 to 48 and from 32 to
43 in the accessions of nursery A, respectively in 2012 and
2013. Only the accession PI 642308 of nursery A showed
a slightly lower chlorophyll value during anthesis (43)
compared to the heading stage (44) in 2013. Chlorophyll
values ranged from 37 to 50 and from 33 to 45 in the
accessions of nursery B, respectively in 2012 and 2013.
Only accession P1 477003 of nursery B showed a slightly
lower chlorophyll value during anthesis (44) compared
to the seed filling stage (45) in 2012. The accessions with
higher chlorophyll values during anthesis showed higher
chlorophyll values during the seed filling stage. As well
as higher chlorophyll values of the accessions during the
stem elongation showed the tendency to retain higher
chlorophyll values during subsequent evaluations.

Plant numbers for chlorophyll evaluations in
nurseries A and B during 2012 and 2013 differed due
to overwintering as well as different cutting regimes.
Nursery A had 142 and 183 and nursery B — 60 and
110 plants in 2012 and 2013, respectively. The mean
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Stages: 1 — stem elongation, 2 — booting, 3 — heading, 4 — anthesis, 5 — seed filling

Figure 1. Dynamic of SPAD chlorophyll meter values of the ten individual plants from stem elongation to seed filling

stages of nurseries A and B, 2012 and 2013

chlorophyll values of plants in nursery A during five
evaluations were 28.1, 32.4, 34.5, 36.8 and 31.8 in 2012
(Fig. 2). The minimal and maximal values differed from
1.5 to 3.2 fold during the booting and seed filling stages,
respectively. The mean chlorophyll values were slightly
higher in 2013. These values were 34.0, 34.9, 35.9,
36.9 and 32.0, respectively. However, the minimal and
maximal values differed only from 1.75 to 2.2 fold, during
the stem elongation and booting stages, respectively.
Winter damaged nursery B had a lower plant
number per plot area compared to nursery A. Therefore,
the plants of nursery A received more nitrogen per
plant. The mean chlorophyll values were slightly lower
during the first evaluation at stem elongation stage (26.8)
compared to nursery A (28.1) in 2012. However, the
mean chlorophyll values increased higher during next
evaluations and they did not decrease during the seed
filling stage (34.5, 39.9, 42.3 and 42.0, respectively).
The minimal and maximal chlorophyll values differed
only from 1.35 to 1.7 fold, during the anthesis and stem
elongation stages, respectively. This difference was much
lower in 2013; it differed from 1.7 to 1.9 fold, during
the stem elongation to anthesis and seed filling stages,

respectively. The changes of the mean chlorophyll values
during the evaluations showed higher values but a very
similar tendency to the results of nursery A. These values
were 37.3, 38.8, 40.8, 42.3 and 38.3, respectively.

The variations of chlorophyll values presented
in Tables 1 and 2 respond to two contradictive traits —
the variability and similarity of screened switchgrass
populations by chlorophyll content. The differences in the
coefficients of variation among the selected populations
during all growth stages in both nurseries showed a
considerable variability by chlorophyll values and at the
same moment by chlorophyll content. The populations
of nursery A were characterized by the decrease of
coefficient of variation (CV) variability from the stem
elongation to anthesis stages and increased the variability
at the seed filling stage in both years. CV decreased from
3.94% to 21.2% (5.43 fold) and from 7.77% to 13.6%
(1.75 fold), and increased from 9.21% to 34.9% (3.79
fold) in 2012. A lower variation of CV was obtained in
2013 when it decreased from 4.52% to 14.2% (3.14 fold)
t0 6.81% to 13.1% (1.92 fold) and increased from 6.26%
to 19.8% (3.16 fold) during the stem elongation to seed
filling stage, respectively. The minimal and maximal
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Figure 2. SPAD chlorophyll meter values of individual plants from stem elongation to seed filling stages in nurseries
Aand B, 2012 and 2013

chlorophyll values showed a stable increase from the increased from 5.02% to 11.6% (2.31 fold) and from
stem elongation to anthesis stages and a stable decrease ~ 5.49% to 16.9% (3.08 fold) in 2012. The same tendency
during the seed filling stage in both years. and variation of CV were obtained in 2013 when it
The populations of nursery B were characterized ~ decreased from 6.59% to 15.5% (2.35 fold) and from
by a decrease of CV variability from the stem elongation ~ 6.08% to 11.2% (1.84 fold), and increased from 4.98%
to booting stages and again an increased variability from  to 10.9% (2.21 fold) and from 6.91% to 18.3% (2.65
the heading to seed filling stages in both years. The fold) from the stem elongation to seed filling stages,
variability of CV decreased from 5.71% to 16.5% (2.89  respectively.
fold) and from 7.09% to 12.9% (1.82 fold), and again
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Table 1. SPAD chlorophyll meter mean values and coefficient of variation (CV) of switchgrass selected populations
from stem elongation to seed filling stages in nursery A, 2012-2013

Chlorophyll evaluations, 2012

Catalogue No. I ond 3rd 4t 5t
of PGRCU
SPAD CV% SPAD CV% SPAD CV% SPAD CV% SPAD CV%
PI 642295 26.7 6.98 323 7.38 355 8.20 37.8 8.84 36.0 9.21
PI 642296 28.2 10.5 309 7.85 334 6.94 37.5 7.77 335 15.8
PI 642297 27.3 14.5 334 6.56 36.1 5.54 39.4 9.90 33.4 349
PI 642298 29.7 13.3 33.6 10.0 35.1 10.6 39.9 8.55 32.7 16.3
PI 642302 27.6 21.2 30.8 8.77 33.8 10.7 39.2 8.83 373 17.6
PI 642305 25.6 11.0 313 8.58 335 9.56 383 11.6 32.7 21.8
PI 642306 27.1 12.7 31.8 4.98 333 8.19 343 13.6 25.0 30.4
PI 642308 26.6 8.74 314 8.62 33.0 7.42 35.9 11.6 33.1 133
PI 642194 30.9 3.94 34.1 6.47 35.8 7.88 36.6 9.18 33.1 17.4
P1 642195 31.9 9.10 335 8.19 34.7 7.51 335 12.2 28.4 24.0
Mean 28.2 11.2 323 7.74 344 8.30 37.2 10.2 32.5 20.1
Chlorophyll evaluations, 2013
PI 642295 329 4.52 33 18.5 33.6 15.0 353 10.9 26.8 8.47
PI 642296 34.1 9.84 324 14.0 338 14.0 35.0 12.6 28.7 9.35
PI 642297 33 14.2 32.7 15.2 34.1 14.1 342 13.1 26.7 11.7
PI 642298 34 7.86 34.9 8.86 35.7 9.93 36.9 9.32 30.0 10.9
PI 642302 30.6 6.22 33.7 8.94 349 8.83 35.6 7.59 26.4 19.8
PI 642305 31.6 8.72 34.8 8.22 35.0 8.92 353 8.25 25.9 11.5
PI 642306 329 6.16 35.0 12.6 36.1 10.6 36.8 8.89 27.8 11.0
PI 642308 31.9 9.96 34.9 6.95 34.9 7.11 36.9 6.81 27.5 9.12
PI 642194 37.6 7.47 36.9 8.42 38.2 8.53 38.4 10.7 31.8 6.26
PI 642195 352 10.9 37.3 11.8 36.6 10.6 36.4 10.5 32.6 8.84
Mean 334 8.41 34.6 11.3 353 10.8 36.1 9.9 28.4 10.7

PGRCU - Plant Genetic Resources Conservation Unit

Table 2. SPAD chlorophyll meter mean values and coefficient of variation (CV) of switchgrass selected populations
from stem elongation to seed filling stages in nursery B, 2012-2013

Chlorophyll evaluations, 2012

Catalogue No. . N -

Of PGRCU 1 t 2 d 3 d 4th Sth
SPAD CV% SPAD CV% SPAD CV% SPAD CV% SPAD CV%
PI 642208 27.0 10.9 36.0 12.0 39.5 10.6 443 11.1 443 12.4
PI 537588 25.9 16.5 34.5 11.1 39.6 11.6 40.7 3.70 40.6 5.49
PI 642284 22.8 11.6 35.8 9.24 40.0 7.07 43.8 9.76 44.5 16.9
PI 642295 25.7 12.7 35.2 10.6 41.0 9.38 42.6 5.89 41.1 10.4
PI 642191 22.8 15.3 32.6 12.9 38.2 7.50 43.5 11.1 44.5 12.7
PI 642296 27.4 8.95 33.8 10.1 39.1 6.94 41.6 4.98 42.2 8.01
PI 642203 25.0 16.3 34.8 10.9 393 5.29 41.0 8.79 42.7 8.87
PI 476291 27.4 8.89 35.1 11.9 41.6 8.99 443 7.42 44.8 9.31
PI1 477003 30.0 12.3 353 7.09 41.2 5.02 42.3 4.88 43.8 7.47
PI 642296 30.2 5.71 35.8 7.57 39.7 5.67 422 4.08 39.5 7.29
Mean 26.4 11.9 34.9 10.3 39.9 7.57 42.6 7.07 42.8 9.78

Chlorophyll evaluations, 2013

PI 642208 40.9 7.89 39.6 6.59 41.6 4.98 41.4 14.8 35.6 18.3
PI 537588 37.9 15.5 40.4 9.28 43.9 7.47 452 5.60 40.5 6.91
PI 642284 37.8 6.59 38.8 9.28 42.1 7.83 43.0 7.17 39.2 7.19
PI 642295 38.1 10.9 39.5 11.2 414 10.9 43.9 10.3 39.1 9.22
PI 642191 37.1 9.10 39.1 104 40.9 8.59 42.0 6.85 38.6 8.47
PI 642296 38.0 8.99 38.2 8.51 40.0 8.14 41.1 5.81 38.1 9.69
PI 642203 35.8 8.29 37.9 11.2 40.1 7.93 41.9 7.16 38.0 9.89
PI 476291 38.6 7.31 39.8 7.81 414 591 433 5.76 39.0 7.25
PI 477003 39.3 8.62 41.9 6.08 43.6 5.33 43.8 5.83 40.0 8.24
PI 642296 353 7.27 36.1 8.54 383 6.30 413 5.64 38.0 8.65
Mean 37.9 9.05 391 8.89 41.3 7.34 42.7 7.49 38.6 9.38

PGRCU - Plant Genetic Resources Conservation Unit
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Discussion

Switchgrass has a disadvantage in yielding
capability during the first harvest years due to the
allocation of a large amount of energy for developing a
strong root system (McLaughlin, Kszos, 2005). A similar
tendency was obtained in Northwest and Southern Europe
(Elbersen, 2001; Butkuté et al., 2013). However, this
trend had no relations with chlorophyll content dynamics
presented in this paper. The chlorophyll content variation
depended more on the weather conditions and genotypes
but not on the year of the nursery establishment. An
outbreak of leaf diseases and pests was not noted.
Therefore, the weather conditions had the highest
impact. Lower chlorophyll values in 2012 compared to
2013 depended on the switchgrass physiological traits
that conditioned lower photosynthetic efficiency and/or
chlorophyll synthesis under colder conditions compared to
warmer ones (Mitchell, 2012). A photosynthetic potential
was closely related to the chlorophyll content, therefore,
chlorophyll values during the first three evaluations
were lower in 2012 compared to chlorophyll values in
2013. The slight variation among the chlorophyll values
of the selected individual plants between years might
have occurred due to the environmental parameters
influencing an individual reaction of each plant. In
general, the switchgrass chlorophyll content was rather
stable among years and nurseries, whereas the weather
conditions were considerably different. This plant species
is characterized by a very well developed root system
which should eliminate a water deficiency stress under
droughty weather conditions (Barney et al., 2009). Such
morphological trait more or less eliminates a considerable
impact of water compared to the temperature effect on
switchgrass as C4 plant.

Chlorophyll minimal and mean values and
its dynamics in our trial were similar to the results of
Madakadze et al. (1999) experiment but the maximal
values were higher in our trial (48-50 compared to 40—
42, depending on the population). The maximal values
were recorded at the anthesis stage and the record of
chlorophyll values at the seed filling stage showed a rapid
decline. The similar trend of chlorophyll dynamics was
recorded in various plants (Ramesh et al., 2002; Costa
etal., 2003; Kashiwagi et al., 2010).

The marked differences between the minimal
and maximal chlorophyll values of individual plants in
both years and nurseries showed a considerable possibility
for the selection of individual plants possessing high
chlorophyll concentration in combinations with other
desirable traits. The maximal chlorophyll values were
observed during anthesis. However, the individual plant
selection by this trait should be done at heading stage to
avoid the cross pollination among the plants possessing
desirable traits and discarded plants. The results of Babar
et al. (2006) and Arunyanark et al. (2009) showing higher
correlations of chlorophyll values with biomass at later
development stages also support plant selection until
anthesis.

A population’s coefficient of the variation
showed high enough but not so considerable variation
as in the case of individual plants. The chlorophyll
content is essential for plant competitiveness; therefore,
a variation cannot be extremely high at non-adverse
conditions of our experiment. Some very high variations
could be found when plants are evaluated under extreme
conditions (Arunyanark et al., 2009; Hassan et al., 2009;
Kashiwagi et al., 2010). A short term breeding strategy
should employ the selection of populations characterized
by low variability but possessing high mean chlorophyll
values. This should allow the selection of plants similar
by high chlorophyll values. This way requires growing
of the populations consisting of a considerable number of
plants as the other traits should be considered according
to UPOV (2002). This should allow developing of the
new cultivar in shorter terms but possibly possessing
lower genetic variability. The selection of plants from a
population with high variability should allow developing
of a cultivar possessing higher genetic diversity but
during longer terms.

Conclusions

1. The considerable differences between the
minimal and maximal chlorophyll values of individual
plants in both years and nurseries showed a possibility
for the selection of individual plants possessing high
chlorophyll concentration in combinations with other
desirable traits.

2. The maximal chlorophyll values were
observed during anthesis. However, the individual plant
selection by this trait should be done at the heading stage
to avoid the cross pollination among the plants possessing
desirable traits and discarded plants.
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Chlorofilo verciu panaudojimas rykstétosios soros
(Panicum virgatum L.) populiaciju genetinei variacijai ivertinti
vésaus vidutinio klimato salygomis
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Santrauka

Tyrimo tikslas — jvertinti rykstétosios soros (Panicum virgatum L.) populiacijy SPAD chlorofilo matuoklio verciy
skirtumus, siekiant pagerinti biokurui tinkamiausiy augaly atranka. Chlorofilo kiekis matuotas penkis kartus augaly
vegetacijos metu nuo stiebo ilgéjimo iki sékly pildymosi tarpsnio. Chlorofilo kiekis didéjo nuo stiebo ilgéjimo iki
zydéjimo, véliau fiksuotas chlorofilo kiekio mazéjimas. Chlorofilo vertés Zydéjimo metu pasieké maksimalius
vidutinius dydzius — 36,8-42,3 prietaiso veréiy; ver¢iy variacija priklausé nuo vertinimo mety ir vertinto augyno.
Tai rodo, kad Lietuvos klimato salygos yra palankios rykstétosios soros fotosintezés veiklai. Pagal chlorofilo vertes
populiacijy ir augaly tarpusavio skirtumai buvo zymis. Atsizvelgiant j tai, kad rykstétoji sora yra kryzmadulkis
augalas, individai, pasizymintys didelémis chlorofilo vertémis, turéty biiti atrinkti iki zydéjimo. Siuo tarpsniu
skirtumai tarp populiacijy chlorofilo reik§miy variacijos koeficienty buvo panasiis j Zydéjimo metu gautus tyrimo
rezultatus. Vidutiniai populiacijy chlorofilo reikSmiy variacijos koeficientai plaukéjimo metu svyravo nuo 4,98 iki
15,0 %. Toks variacijos lygis rodo mazus skirtumus populiacijy viduje, ta¢iau didesn¢ galimybe atrinkti augalus
su pageidaujamomis chlorofilo reikSmémis i§ didesnio populiacijy skaiCiaus. Augaly, pasiZzymin¢iy panaSiomis
chlorofilo vertémis, atranka turéty pagreitinti naujy veisliy kiirima.

ReikSminiai zodziai: atranka, augimo tarpsniai, chlorofilas, SPAD matavimai.



