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Plant yield and its quality depend on many processes occurring during
the growing season and on growing conditions. Spike productivity is
determined by many parameters, such as chlorophyll content in leaves,
carotenoid content, etc., as they are indicators of physiological activity
in leaves. During 1999-2002, the content of photosynthetic pigments at
two plant growth stages and agronomically valuable characters were eva-
luated in 13 Lithuanian spring barley varieties in LIA. In the examined
varieties, larger amounts of pigments were accumulated in ‘Dotnuvos
ketureiliai’ and the new variety ‘Aura’ at both growth stages. The varia-
bility of chlorophyll a and chlorophyll b content and carotenoid content
was low and medium. The strongest correlation between pigment con-
tent and grain per spike and grain weight per spike was established at
tillering stage. The coefficients of correlation were respectively 0.485-
0.775 and 0.463-0.746.

Key words: spring barley, varieties, chlorophyll, agronomic performance,
main yield components

INTRODUCTION

Barley (Hordeum vulgare L.) is superior to other
cereals by the diversity of biological types, capabili-
ty to grow in different conditions, duration of gro-
wing season [12]. Spring barley is one of the most
common crops in Lithuania, covering 66.3% of the
total spring cereal sowing area. The cultivation of
spring barley has long-standing traditions in Lithua-
nia. Barley breeding was started at the Dotnuva
Plant Breeding station in 1924 [4]. Altogether fif-
teen spring barley varieties have been bred since
the start of barley breeding at the Dotnuva Plant
Breeding Station and later at the Lithuanian Insti-
tute of Agriculture. Plant yield and its quality de-
pend on many processes occurring during the grow-
ing season and on growing conditions [8]. The pro-

ductivity of cereals is often associated with the pa-
rameters of plant assimilation apparatus [10]. The
content of pigments is an important factor, which
determines the intensity of photosynthesis. The
amount of pigments varies in relation to plant de-
velopment stage and growing conditions [2, 8, 11].
Biosynthesis of pigments in spring barley leaves is
most intensive at plant heading stage [17]. The assi-
milates, which are accumulated in two upper leaves,
are most important for the formation of structural
elements of cereal spikes [9]. Analysis of assimilates
transport in the spike structural elements suggests
that at spring barley heading, part of leaf assimila-
tes are used for stem building. The leaf assimilates
at the stem elongation phase are used only for the
building of spike structural elements [14]. Other yield
components have an effect on barley spike produc-
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tivity too [15]. There is a certain relationship bet-
ween barley yield and main yield components [9].
Spike productivity is associated with many parame-
ters such us leaf mass and to some extent chloro-
phyll content in leaves, as they are indicators of
physiological leaf activity [9]. A direct relationship
between photosynthetic pigments and yield is not
always observed, but often a close correlation bet-
ween individual yield components and photosynthe-
tic pigments is determined [5, 17]. Some authors
have reported that weather conditions, pesticides and
varietial peculiarities affect chlorophyll content [1].

The objective of this study was to evaluate the
main agronomically valuable traits and photosynthe-
tic pigments content in the leaves of Lithuanian
spring barley varieties in field trials and to identify
the relationships between them.

MATERIALS AND METHODS

Thirteen Lithuanian spring barley varieties were eva-
luated agronomically and biochemically in 1999-2002
(Table 1). The Lithuanian spring barley variety ‘Ula’
was used as a control variety. Spring barley varie-
ties were planted in 2 m? plots without replications
in the collection nursery. The soil of the experi-
mental site was Endocalcari-Epihypogleyic Cambi-
soil (CMg-p-w-can) (soddy- gleyic) light loam. The
preceding crop was seed clover of the 1st year.
NP, K,, fertilization was applied The period
1999-2002 was rather good for the assessment of
spring barley varieties due to diverse weather con-
ditions (1999 - dry, 2000 — wet, 2001 — normal,
2002 — dry). It helped to achieve a versatile evalu-
ation of the varieties. In the trails we evaluated the
period of maturity (days), plant height (cm), lod-
ging resistance (1-9, 9 all plants stand), grain yield
(t ha?), main yield components (spike length, grain

per spike, grain weight per spike), 1000 kernel
weight (g), hectoliter weight (g I).

The measurements of chlorophyll were performed
on 30 randomly selected plants from each spring
barley variety twice during the growing season at
GS 29-30 (tillering) and GS 40-49 (booting). The
growth stages of spring barley were defined by a
decimal code developed by Zadoks et al. [7]. The
next to last fully developed leaf was taken for chlo-
rophyll extraction in acetone (strength of acetone
100%) and evaluation by the spectrophotometric
method. Chlorophyll a (663 nm), chlorophyll b
(645 nm), chlorophyll a + b and content of carote-
noids (440.5 nm) were determined [13].

The level of statistical significance of data
was calculated by the method of dispersion ana-
lysis using the ANOVA software, the correla-
tion of traits was calculated using the GENKOR
software, and the variability of traits was cha-
racterized by the coefficient of variation (<10%
— low, 10.1-20.0% - medium, =>20% - high)
using the STATENG software [6].

RESULTS AND DISCUSSION

Table 2 shows the yield data of spring barley varie-
ties and the main yield components, which are re-
lated with photosynthetic pigment contents. Plant
height is very closely related with lodging resistan-
ce, which affects plant yield and grain quality [16].
Plant height ranged from 47 to 110 cm in different
years. The variety ‘Aidas’ was characterised by the
shortest straw throughout the years of evaluation.
Lodging resistance ranged from 2 to 9 points de-
pending on years. In the dry year of 1999 no lodg-
ing was observed. The best lodging resistance was
shown by the varieties ‘Aidas’, ‘Alsa’, ‘Aura’ and
‘Ula’. The maturity time ranged between 71 and

Table 1. Lithuanian spring barley varieties used in the trials

Variety | Pedigree Released Registered
‘Auksiniai’ Individual selection from Gull 1927
‘Dotnuvos ketureiliai’ Individual selection from landrace 1930
‘Dziugiai’ Individual selection from landrace 1947 1950-1975
‘Auksiniai 11’ Abed Kenia x Ackerman Isaria 1947 1950-1990
‘Gausiai’ Auksiniai Il x (Viner + Abed Archer + Bigo) 1961
‘Gintariniai’ KM 1081252 x Pallas 1973 1979-1986
‘Dainiai’ (Gausiai x Gaaselle) x Abed 3371 1981
‘Auksiniai 3’ Carina x Tarra 26 1983 1987
‘Vilnieeiai’ Mutant from Pallas 1986
‘Aidas’ (KM 1192 x Ofir) x Effendi 1990 1994
‘Ula-st.’ Roland x Ca 33787 1992 1995
‘Alsa’ (Mirena x mutant from Gintariniai) x (Abava x Emir) 1993 1996
‘Aura’ (Mirena x mutant from Gintariniai) x Lina 1997 1999
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Table 2. Yield and its main components of Lithuanian spring barley varieties, 1999-2002
i Plant Lodgin Maturit Spike Grain Grain
Variety vield height resist%nge (days)y IeFr)lgth per weight UL HLYY
t hat % cm (1-9) cm spike | per spike g 9l

‘Ola-st’ 411 100 70.0 7.8 83 7.4 20.9 1.05 51.0 678
‘Auksiniai’ 4.04 98.5 7.2 5.2 82 7.2 20.6 0.85 42.1 673
‘Dotnuvos 3.08 74.9 85.0 4.8 81 6.9 42.8 1.76 41.8 641
ketureiliai’
‘Dpiugiai’ 3.46 84.2 87.8 4.8 83 8.9 22.3 0.96 43.7 678
‘Auksiniai II’ 4.17 101.5 7.2 5.0 84 7.9 21.7 0.91 43.4 671
‘Gausiai’ 3.59 87.4 73.8 5.5 81 7.7 19.7 0.83 429 657
‘Gintariniai’ 438  106.6 68.5 7.2 82 7.4 20.7 0.85 42.6 656
‘Dainiai’ 4.56 110.9 76.8 7.2 83 8.1 22.6 1.01 45.8 673
‘Auksiniai 3’ 3.82 93.0 74.8 7.5 83 1.7 21.2 0.90 44.0 701
‘Vilniegiai’ 4.18 101.7 74.8 7.5 83 7.6 22.1 1.00 46.4 685
‘Aidas’ 420 1022 66.8 8.2 84 8.2 20.9 0.98 48.2 680
‘Alsa’ 423 103.0 70.0 8.0 84 6.9 23.8 1.05 45.8 654
‘Aura’ 4.58 111.5 69.2 7.8 84 6.4 21.3 1.00 47.7 665
LSD,, 0.707  17.56 7.46 1.56 1.8 0.72 4.75 0.232 2.19 22.4

100 days depending on years. The longest maturity
time was in the wet year of 2000 (94-100 days); the
shortest maturity time was in the dry year of 1999
(71-76 days).

The grain yield of the spring barley varieties va-
ried between years. The year 1999 was dry and ex-
tremely unfavourable for spring barley. The tested
spring barley varieties produced a rather poor yield
(1.39-2.65 t ha). The year 2000 was better for the
spring barley varieties. They produced yields of 2.32—
5.50 t ha™. In the year 2001 the grain yield of spring
barley varieties was 4.05-5.61 t ha™. 2002 was dry
and unfavourable for spring crops, but spring barley
varieties produced yields of 4.01-5.16 t ha?. The
grain yield of Lithuanian spring barley varieties ‘Gin-
tariniai’, ‘Dainiai’, ‘Aidas’, ‘Alsa’ and ‘Aura’, was high-
er than that of the control variety. These varieties
distinguished themselves by spike length and grain
number per spike or 1000 kernel weight. Evaluation
of individual yield components showed that yield
differences were caused by the variation of spike
productivity (spike length, grain per spike, grain
weight per spike), 1000 kernel weight and plant num-
ber per plot [3]. Weather conditions of the experi-
mental years influenced plant growth and develop-
ment and were associated with the processes of the
formation and reduction of yield components. Spike
length ranged between 5.4 and 9.2 cm in different
years. The variety ‘Dpiugiai’ significantly surpassed
the control variety. Grain per spike is very important
for the creation of varieties with a high productivity.
It ranged between 16.2 and 26.7 (28.5-52.4 in the six
row variety ‘Dotnuvos ketureiliai”). The highest grain
number was identified in the variety ‘Alsa’. Grain

weight per spike ranged between 0.69 and 1.31 g and
1000 kernel weight varied from 35.5 to 55.2 g de-
pending on years. Analyses of 1000 kernel weight
showed that all the spring barley varieties had smal-
ler grains than the control variety ‘Ula’. Hectolitre
weight ranged from 584 to 728 g I in different
years, however, only the variety ‘Auksiniai 3’ sur-
passed the control variety ‘Ula’. The key grain yield
components of the spring barley varieties were the
number of grains per spike and 1000 kernel weight.

Photosynthetic pigments content in the barley va-
rieties were lower at GS 29-30 (tillering) than at
GS 40-49 (booting) (Table 3). Larger amounts of
pigments were accumulated in ‘Dotnuvos keturei-
liai’ and the new variety ‘Aura’ at both growth sta-
ges. The varieties ‘Auksiniai IlI’ accumulated large
amounts of chlorophyll b at tillering, ‘Vilnieéiai’ —
chlorophyll a and a + b amount at booting stage,
and ‘Gausiai’ — high photosynthetic pigment amounts
at tillering stage. Some varieties showed a stability
of particular indicators: ‘Dainiai’ of chlorophyll b
content at tillering and 'Gausiai’ of chlorophyll a+b
content at booting stage.

At GS 40-49 (booting), compared with tillering,
the content of photosynthetic pigments on average
increased: chlorophyll a by 29.4, chlorophyll b 22.0,
chlorophyll a + b 41.3, and carotenoids 35.4 mg/100 g
crude matter (Table 4). Chlorophyll a, b, a+b con-
tents, especially at tillering stage, were close to the
average value of individual years. However, there was
a variation of these indices among varieties. The va-
riability of chlorophyll a content was low: the coeffi-
cient of variation at tillering stage (GS 29-30) was
7.5-10.0% and at booting stage (GS 40-49) 4.6-5.6%.



Evaluation of content and agronomically valuable traits of photosynthetic pigments in Lithuanian spring ... 39

Table 3. Content of photosynthetic pigments (mg/100 g) of spring barley varieties at different growth stages, 1999-

2002
_ I* 1*
Variety
a** b a+b | carotenoids a | b | a+b | carotenoids

‘Ula-st’ 80.7 24.6 105.3 78.7 112.8 49.2 162.0 105.9
‘Auksiniai’ 78.8 26.9 105.7 72.3 112.3 45.9 158.2 110.9
‘Dotnuvos ketureiliai’ 99.1 32.6 131.7 103.3 120.0 49.9 169.9 120.5
‘Dpiugiai’ 84.1 23.3 107.4 83.7 108.8 41.6 150.4 99.0
‘Auksiniai II’ 83.3 29.6 112.9 85.2 109.2 43.4 152.8 102.3
‘Gausiai’ 87.8 27.8 115.6 94.1 115.0 43.7 155.2 116.1
‘Gintariniai’ 83.1 22.6 106.7 87.9 115.2 47.5 162.7 118.1
‘Dainiai’ 80.7 24.3 105.0 85.0 109.0 42.7 151.7 111.9
‘Auksiniai 3’ 83.8 24.2 108.0 88.5 115.3 46.8 162.1 114.0
‘Vilniegiai’ 85.1 24.9 110.0 88.3 119.6 47.7 167.3 117.0
‘Aidas’ 79.3 21.0 100.3 81.8 114.6 47.4 162.0 112.9
‘Alsa’ 84.3 22.4 106.7 89.6 113.9 48.2 162.1 116.4
‘Aura’ 89.8 27.1 116.9 92.9 120.8 50.2 171.0 120.2
LSD 7.35 5.26 10.39 8.11 7.05 5.89 10.43 10.74
* 1 — GS 29-30, Il — GS 40-49.

** — Chlorophyll.

Table 4. Content variation of photosynthetic pigments (mg/100 g) of spring barley varieties at different growth

stages, 1999-2002

Mean result, Standard error Means of data Coefficient of ,
Year X of the mean, Sx min max variation V %
1* 1> | 1 | 11 | 11 | 1
Chlorophyll a
1999 80.9 1335 1.68 1.99 72.3 124.7 94.6 144.2 7.5 5.4
2000 89.7 111.4 1.88 141 78.5 104.6 102.4 120.2 7.6 4.6
2001 80.9 101.3 2.24 1.58 72.5 92.8 102.1 109.2 10.0 5.6
2002 87.1 110.0 1.82 1.52 79.8 99.2 103.6 122.1 7.5 5.0
X 84.6 114.0 75.8 105.4 100.7 123.9
Chlorophyll b
1999 25.8 42.1 1.16 1.63 20.5 31.2 32.7 49.4 16.2 14.0
2000 27.2 39.6 1.07 1.00 20.2 34.0 33.7 46.7 14.3 9.1
2001 27.6 60.4 1.56 1.29 20.9 54.0 41.4 70.1 20.4 1.7
2002 21.2 43.9 1.15 1.05 14.8 37.3 27.6 50.3 19.6 8.6
X 25.4 47.4 19.12 39.1 33.9 54.1
Chlorophyll a + b
1999 106.7 175.6 2.42 3.36 97.2 158.0 127.0 191.8 8.2 6.9
2000 116.9 151.0 2.47 2.19 103.4 142.0 136.2 166.9 7.6 5.2
2001 108.4 161.7 3.60 2.45 97.2 144.1 143.4 175.5 12.0 5.5
2002 97.7 106.7 2.48 1.92 84.6 95.7 114.8 119.1 9.2 6.5
X 107.4 148.7 95.6 134.9 130.3 163.3
Carotenoids
1999 86.5 157.4 2.82 4.14 7.7 125.7 104.5 176.5 11.8 9.5
2000 94.0 1135 2.30 1.86 82.2 105.4 107.3 127.7 8.8 5.9
2001 69.1 72.4 2.48 1.67 55.0 62.5 91.0 84.3 13.0 8.4
2002 108.3 155.5 2.56 2.00 96.4 136.5 126.4 163.6 8.5 4.7
X 89.3 124.7 77.8 107.5 107.3 138.0

* 1 — GS 29-30, Il — GS 40-49.
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Table 5. Correlation coefficients between photosynthetic pigments content (mg/100 g) and some spike yield compo-
nents, 1999-2002
Photosynthetic — Grain number per spike Grain weight per spike
pigments 1999 | 2000 | 2001 | 2002 | 1999 | 2000 | 2001 | 2002

Chlorophyll a | 0.436 0.485 0.646* 0.805* 0.459 0.408 0.670**  0.811**
1 0.229 0.138 0.192 0.163 0.128 0.163 0.271 0.116

Chlorophyll b | 0.385 0.467 0.683** 0.177 0.333 0.482 0.630* 0.203
1 0.067 0.462 0.570* -0.206 0.005 0.395 0.688** 0.185

Chlorophyll a + b | 0.485 0.594*  0.775**  0.599* 0.463 0.547* 0.746**  0.531*
1 0.103 0.513 0.424 0.458 0.178 0.534* 0.538* 0.443

Carotenoids | 0.604* 0.240 0.752**  0.653* 0.560* 0.153 0.731**  0.670**
1 0.174 0.154 0.132 0.036 0.126 0.122 -0.129 0.024

D1 — GS 29-30, Il — GS 40-49;

* Coefficients of correlation significant at 95% probability;

** Coefficients of correlation significant at 99% probability.

The variability of chlorophyll b content was medium
(14.3-20.4%) at tillering stage (GS 29-30) and decli-
ned (7.7-14.0%) at booting stage (GS 37-49). The
variability of carotenoid content was low: the coeffi-
cient of variation at tillering stage (GS 29-30) was
8.5-13.0% and at booting stage (GS 40-49) 4.7-9.5%.
Like chlorophyll content, this index had a higher va-
riability at tillering stage. Small amounts of carote-
noids were observed in 2001, when June was cool and
rainy. Carotenoid content slightly increased at booting.
The correlation coefficients between some yield com-
ponents and chlorophyll content were calculated. The
strongest correlation among pigment content and grain
number and weight per spike was established at tiller-
ing stage (Table 5). The coefficients of correlation were
respectively 0.485-0.775 and 0.463-0.746. The rela-
tionship between these indices is poorer at booting
stage, except for the correlation coefficient between
chlorophyll b content and grain weight per spike in
2001. The findings of our evaluation corroborate the
data of other authors maintaining that not all leaf
assimilates are used for the building of spike structu-
ral elements at heading stage [14]. In the dry year of
1999 the correlation was poorer than in 2000-2002.
In 1999 the grain yield of spring barley varieties was
lower too. The strongest correlation was determined
between chlorophyll a + b and spike productivity ele-
ments. The relationship between chlorophyll content
and other components of productivity such as 1000
kernel weight and hectolitre weight is inconsistent and
irregular irrespective of plant growth stage.

CONCLUSIONS

1. Among the examined varieties, larger amounts of
photosynthetic pigments were accumulated in ‘Dot-

nuvos ketureiliai’ and the new variety ‘Aura’ at both
growth stages.

2. The variability of chlorophyll a content and
carotenoid content was low and variability of chlo-
rophyll b content was medium. The other indexes
had a higher variability at the tillering stage.

3. The strongest correlation was established bet-
ween photosynthetic pigment content and grain per
spike, as well as between the former and grain
weight per spike at the tillering stage. The coeffi-
cients of correlation were respectively 0.485-0.775
and 0.463-0.746.
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LIETUVIDK@ VASARINIZ MIEPI@ VEISLIZ UKIDKAI
VERTING@ SAVYBIZ IR FOTOSINTETINIZ PIGMEN-
T KIEKIO TYRIMAS

Santrauka

Augalo derliaus dydis ir kokybé priklauso nuo daugelio
procesg, vykstanéig augalg vegetacijos metu, ir augimo
salygg. Didelis varpos produktyvumas asocijuojasi su chlo-
rofilg kiekiu lapuose, nes jie yra lapg fiziologinio aktyvu-
mo rodikliai. 1999-2002 m. Lietuvos pemdirbystés institu-
te tirta 13 lietuvidkg vasarinig miepig veislig ir dvertintos
jose pagrindinés Okidkai vertingos savybés bei fotosinteti-
nig pigmentg kiekis krdmijimosi ir vamzdeléjimo tarps-
niuose. Tarp tirtg veislig abiejuose idsivystymo tarpsniuose
daugiau pigmentg sukaupé veislés ‘Dotnuvos ketureiliai’
ir ‘Aura’. Tirtose vasarinig miepig veislése didesni pig-
mentg kiekiai nustatyti augaleg vamzdel&jimo metu, nors
dig rodiklig kiekio variacija tarp veislig didesné krdmiji-
mosi tarpsniu. Glaudpiausia ir pastoviausia koreliacija nu-
statyta augalg krdmijimosi metu tarp chlorofile a + b
kiekio ir gride skaigiaus varpoje bei vienos varpos griidg
masés. Koreliacijos koeficientas buvo atitinkamai 0,485-
0,775 ir 0,463-0,746.

Raktapodpiai: vasariniai miepiai, veislés, chlorofilas, pa-
grindiniai derliaus komponentai

Adbre Jleiictpymaiite, Banna Ilannayckene

M3YYEHHUE XO3SIMCTBEHHO LIEHHBIX
CBOMICTB U KOJIMYECTBA
®OTOCUHTETUYECKUX [MUTMEHTOB B
JUTOBCKUX COPTAX SIPOBOI'O SITUMEHSA

Peszwome

BemmunHa W KadecTBO ypokas pPACTCHHUS 3aBHCAT OT
MHOJKECTBA MPOIIECCOB, MTPOUCXOIAIINX BO BpeMs pocTa
U Da3BUTHS PACTCHHH, a TaKXe OT YCIOBHHA pocCTa.
Bricokasi MpOAyKTUBHOCTD KOJIOCA ACCOIMUPYETCS C KO-
JIUYECTBOM XJIOpO(DUIIa B TUCTHSIX, TaK KaK MOCTEIHUIA
TECHO CBSI3aH C (PU3MOJIOTHUECKON aKTUBHOCTHIO JIUCTA.
B 1999-2002 rr. B JINTOBCKOM WHCTUTYTE 3eMIICIIEITHS
M3y4araoch 13 JUTOBCKHX COPTOB SIPOBOTO SIUMEHH,
TaKke JaHa OIICHKA TIJIABHBIX XO3SIIICTBCHHO LIEHHBIX
CBOHCTB M KOJMNYECTBA (POTOCHHTETHUECKUX MUTMEHTOB
B (¢azax KylIeHUs M BbIXoJa B TpyOKky. HaumbGoinbiiee
KOJIMYECTBO MHUTMEHTOB B 00emx (azax pa3BuTus pa-
cTeHnit Hakomwin copta ‘Dotnuvos ketureiliai’ m ‘Au-
ra’. B um3ywyaeMbIx copTax OOJbllle NMUTMEHTOB OBLIO
HaKoIUICHO B (ha3e BbIXoda B TPYOKYy, XOTs Bapualus
9TUX TIOKa3aTeleld MeXAy copTaMu Beilie B (ase Ky-
meHus. TecHast KOppensuOHHAas CBSI3b YCTaHOBJIEHA
Mexay ximopodwniom a + b B dase kymieHus pacreHuit
U KOJIMYECTBOM 3e€pHA B KOJIOCE, & TAKXKE MAcCOi 3epHa
B komnoce. KoaddummeHT koppemsiuum cocTaBmI COOT-
BercTtBeHHO 0,485-0,775 u 0,463-0,746.

KuiroueBble ciioBa: JeTHUN S4YMEHb, COpPTa, XJIOPO-
(U, OCHOBHBIE KOMIIOHEHTHI YPOXKast



