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Productivity of Triticale Depending on the Content
of Photosynthesizing Pigments at Anthesis

Abstract. Photosynthetic pigments play an important role in the accumulation of dry matter and
they can be the markers of stress. Change in the ratio of chlorophyll A and B indicates physiological
changes and adaptation of the organism to changes of environmental conditions. Sowing terms
and application of nitrogen fertilizers are long-term factors, so the content of chlorophylls in the
flag leaf indicates long-term adaptation of the photosynthetic system. Establishing a relationship
between the chlorophyll content at anthesis and the accumulation of dry matter in posy-anthesis
period indicates the varietal response of triticale to fertilization and sowing dates. It was conducted
a three-factor field experiment. There are studied two winter and one facultative triticale cultivar,
two autumn sowing terms and fertilization system with application the different rates of nitrogen
fertilizers in different growth stages. It was found that the content of photosynthetic pigments in
each variety diverged depending on sowing term and fertilizer system in terms of mg per 1 g of
dry matter for chlorophyll A, B and the amount of A+B. At the same time, the difference between the
factors and their interactions was insignificant for the total chlorophyll mass per unit area (g/m?2) for
chlorophyll A and the amount of A+B, but it was significant for chlorophyll B by the fertilizer system
factor. This indicates that the main stress signal is chlorophyll B, so the ratio of chlorophyll A and B
differed significantly depending on this factor. Cla: Clb ratio in the optimal sowing period is 5.3-81
in cv. Pidzimok kharkivskiy, 4.8-8.3 in cv. Amur and 5.0-6.7 in cv. Obriy mironivskiy. All cultivars have
a strong positive correlation between the chlorophyll content at anthesis and accumulation of
dry matter at post-anthesis perion under optimal conditions, but facultative triticale Pidzimok
kharkivskiy has a negative correlation with unfavorable, due to increased chlorophyll, without
increasing dry matter accumulation. Further research of the relationship between chlorophyll
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content and the synthesis of primary and secondary metabolites is promising in the study of varietal

response to stress and agronomic factors

Keywords: chlorophyll, correlation, dry matter, facultative triticale

INTRODUCTION

Morphological features of the flag leaf of cere-
als significantly affect its productivity (Yang et.
al., 2016). The basis of the photosynthetic system
of the plant are green pigments chlorophyll A
and B, which have a similar structure, but differ
in the spectrum of waves that absorb (Britton,
1983). Content and ratios of pigments are a va-
rietal feature of cereals (Pryadkina & Makharin-
ska, 2021), and chlorophyll content is higher and
varies greatly in triticale (Arough et al, 2016).
Productivity of photosynthesis depends on the
amount of these pigments in the plant, and their
content in the flag leaf can predict the yield po-
tential (Simpson, 1968).

The fertilizer system has an important effect
on plant growth and development, but its impact
on chlorophyll content is indirect. Nitrogen con-
centration in plants is related to chlorophyll con-
tent, and therefore indirectly to one of the basic
plant physiological processes: photosynthesis
(Haboudane et al., 2002; Amaliotis et al., 2004).
Cereals have a different requirement to nitrogen
in different growth stages (Akhter et al., 2016), so
chlorophyll content varies similar (Shadchina
§ Dmitrieva, 1995). Chlorophyll content can be
a stress indicator in plants under unfavorable
conditions or nutrient deficiency (Tejada-Zarco
et al, 2004). Nitrogen as a structural element
of chlorophyll and its deficiency can impact on
photosynthesis and dry matter accumulation
(Ray Tucker, 2004).

MATERIALS AND METHODS

Field experiments were conducted in 2016-2019
in the Right-bank Forrest-Steppe of Ukraine

(49°46'N, 30°44°E). The soil is typical low-humic
black, the arable layer of which is characterized
by the following agrochemical and agro-physical
indices: humus content - 4.31-4.63%; pH - 7.2,
easily hydrolyzed nitrogen (according to Korn-
feld) - 152.3-167.0 mg; P,0, in acetic acid extract
(according to Chirikov) - 109.0-142.0 mg; ex-
changeable potassium (according to Chirikov) -
1270-132.0 mg per 1 kg of soil.

Field experiment was conducted by 3-fac-
torial scheme. Factor A is a cultivar, factor B is
a sowing term and factor C is a fertile system.
Pidzimok kharkivskiy (facultative), Amur (win-
ter) and Obriy mironivkiy (winter) were observed.
Each cultivar was sowed in two terms - 2" and
3 decade of October. Fertilization system in-
cluded 4 options. There are P_ K as a fone (B1),
and 3 options with different nitrogen fertiliza-
tions (B2 - P, K, + N, 1, B3 - P,.K,, + N,

36172 5(11-13)! 36172
+N N

N55(23); B4 - P36K72 25(11-13) + 55(25) + N20(49))'

Tillage system included only one plowing
after preceding crop harvesting (soybean). Culti-
vation on sowing depth (2-4 cm) was conducted
before sowing. Triticale was sown with 15 cm in-
ter-row spacing with rate 450 grains per square
meter. Any pesticides were applied during the
research. The experiment was established in 4
replications. The size of elementary plots was
32 m?(25.2 m? to harvesting).

10 plants were collected in anthesis and
wax ripeness for establishing crop growth rate
(Hunt et al, 2002) and chlorophyll content in
flag leaf at anthesis. Chlorophyll content was
determined by spectrophotometric method
and calculating according Wellburn (1994).
Statistical elaboration date was done by

+
11-13)
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multifactorial analysis ANOVA in Statistica 13.0.
Difference between variant was established by
Fisher LSD post-hoc test.

RESULTS
Content of photosynthetic pigments in the flag
leaf at anthesis is an important indicator of the
productivity potential of triticale. Flag leaf can
accumulate almost up to half of the dry matter
of the seed under normal conditions, so the in-
crease in its content indicates an increase in
assimilation processes. Plants of different sow-
ing terms in a certain phase may have different

contents of photosynthetic pigments, have dif-
ferent ratios of chlorophyll species, and their
concentration will depend on the structure of
the leaf, area and nutrition. Time of anthesis will
be different, so the weather conditions will also
make their adjustments.

Content of chlorophyll A and B in the dry
matter of the flag leaf (mg/g) varied significant-
ly depending on the variety and sowing period
(Table 1and 2). Cultivar is one of the main factors
in the variation of chlorophyll A and B, as well as
their sum, it is necessary to consider each varie-
ty separately.

Table 1. Content of chlorophyll A and B in flag leaf at anthesis (average 2016-2019 years)

Pigment weight in dry matter
pdll o —
Cl,mg/g | Cl,mg/g ':1;/8“ cl/cl, Cl,g/m> | Cl,g/m? ga;mzb,
Pidzimok kharkivskiy
Bl 6.59< 1.08° 7.67% 6.1 40.0% 6.5b¢ 46.6%0 4.93
B2 6.69< 1.02° 7.71b 6.6 33.3%® 5.0 38.4%¢ 4.47
| B3 5.88% 0.73° 6.61% 8.1 28.4° 3.5° 31.9% 4.15
B4 7.79% 1.48¢ 9.27¢ 5.3 44, 43bc 8.4¢ 52,8 4.42
B1 5.11% 0.832 5.94° 6.2 27.3? 4.4® 31.7° 6.02
B2 4.15° 1.07° 5.22° 3.9 27.8* 7.2 34.9% 5.61
! B3 8.85¢ 1.38« 10.23¢ 6.4 48.3%¢ 7.6 55.8 5.02
B4 7.53¢% 1.30¢ 8.83¢cde 5.8 52.5¢ 9.1¢ 61.6¢ 5.41
Amur
B1 11.72¢ 2.45¢ 14.17¢ 4.8 43.6° 9.1° 52.8° 5.23
B2 10.64< 1.28* 11.92¢ 8.3 45.3° 5.4% 50.7%* 4.64
! B3 8.31% 1.35° 9.66% 6.2 40.2° 6.6 46.8% 4.17
B4 8.01*® 1.41° 9.42% 5.7 36.1° 6.4 42.4% 3.93
B1 8.46° 1.312 9.77%¢ 6.5 33.9° 5.3® 39.2% 4.75
B2 9.39¢b¢ 0.98° 10.37* 9.6 31.3° 3.3 34.6° 4.50
! B3 10.73« 2.01° 12.78% 5.3 45.8° 8.6° 54.4° 4.73
B4 6.47° 1.16% 7.63° 5.6 43.9° 7.9 51.8% 5.06
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Table 1, Continued

Pigment weight in dry matter
Sowing s e e B CGR, g/m?
term c +cl cl+Cl per day
a b’ 2 2 5 b’
Cl,mg/g | Cl,mg/g S clL/cl, Cl,g/m Cl,g/m A
Obriy mironivskiy
B1 13.83¢ 2.14¢ 15.97¢ 6.5 38.9° 6.0% 44.9% 4.25
B2 13.13¢ 1.97« 15.10¢ 6.7 43.8° 6.5 50.4® 4.71
|
B3 8.07** 1.23° 9.30% 6.6 36.8° 5.6% 42.3%® 3.95
B4 10.60¢ 2.12¢ 12.73¢ 5.0 39.0° 7.8 46.8% 4.22
B1 8.94° 1.77¢ 10.71° 5.1 44 .4° 8.8° 53.3° 4.56
B2 6.96° 1.112 8.07° 6.3 41.4° 6.6%° 48.0% 3.92
1]
B3 7.87% 1.17° 9.04%* 6.7 34.0° 5.1° 39.1° 3.50
B4 8.64° 1.48° 10.12° 5.8 43.7° 9.0¢ 52.7° 4.22
LsD,, 1.57 0.28 1.78 X 14.3 2.48 16.6
Note: CGR - crop growth rate
Table 2. ANOVA of chlorophyll content in flag leaf at anthesis
MS
Effect df
Cl, mg/g Cl, mg/g Cl..,mg/g Cl, g/m? Cl,g/m* | Cl+Cl,g/m?
Cultivar (C) 2 70.70%* 1.90** 95.58%* 45.6" 1.42m 58.9"
Sowing term (ST) 1 39.87** 0.72** 51.31%* 2.6M 4.24 13.6™
Fertile system (FS) 3 2.94* 0.54%* 4.66* 133.1™ 19.48** 247.6™
CxST 2 14.16** 0.36** 18.37** 40.7" 5.55™ 76.2"
CxFS 6 13.51** 0.59** 17.98** 163.3™ 9.13** 216.6™
FS x ST 3 25.18%* 0.84%** 34.85%* 285.3* 7.46% 374.5%
CxSTxFS 6 1.73 0.19** 2.44" 118.8" 9.23%* 183.7"
Error 48 0.92 0.30 1.18 76.0 2.29 102.0

Note: * - p<0.05; ** - p<0.01; ™ - factor/interaction insignificant at 95% level (p>0.05)

Cv. Pidzimok kharkivskiy is characterized by
a much lower content of chlorophyll A in the flag
leaf than other cultivars. Content of chlorophyll
A in the variants without nitrogen application
and at the rate of 25 kg/ha do not differ signifi-
cantly, because the habitus of plants is similar,
and the area of the flag leaf and its weight did not
differ significantly. The content of chlorophyll
A is significant in the plants of the first sowing
term only at the norms of 100 kg/ha, and such

effect was already at the norms of 80 kg/ha and
100 kg/ha in the second one. That is, the effect of
nitrogen was prolonged, the content of chloro-
phyll B also increased accordingly, but the ratio
of Cl.Cl, differed significantly, and its low value
is evidence of stress.

Cv. Amur has a different reaction to nitro-
gen fertilization according to the chlorophyll
A content depending on the sowing term. Con-
tent of Cl_ is significantly reduced at the rates of
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application of 80-100 kg/ha of nitrogen com-
pared to the options without application 25kg/ha
in plants of first sowing term. For other side, con-
tent of chlorophyll A increases when nitrogen is
applied at the rate of 25-80 kg/ha, but fertiliza-
tion at 100 kg/ha significantly reduces its content.

Cultivar Obriy myironivskiy was character-
ized by a much higher content of chlorophyll A
than other varieties, although the trends during
the first sowing period were similar to cv. Amur,
but the nitrogen rate of 100 kg/ha had a stimu-
lating effect. During the second sowing period,

the chlorophyll content did not have a significant
difference between the fone, and rates of 80 and
100 kg/ha, but significantly decreased at the rate
of 25 kg/ha of nitrogen.

Chlorophyll content (A and B) differed sig-
nificantly between cultivars, sowing terms, but
the effect of the fertilizer system was ambiguous
(Table 2). Content of chlorophyll A (figure 1) in the
cv. Amur and cv. Obriy mironivskiy did not differ
significantly, but the content of chlorophyll B
was higher in cv. Obriy mironivskiy compared to
other cultivars.
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Figure 1. Chlorophyll content depends on cultivar, sowing terms and fertile system

The interaction of FS x ST factors is one of
the strongest among other interactions (exclude
primeval factors), which indicates a different re-
action of crops of different sowing terms to the
fertilizer system, i.e., the lack of a specific al-
gorithm for fertilization for each variety. At the
same time, the interaction of C x ST and C x FS
also significantly affects the content of chloro-
phyll A and B. Interaction of primeval factors at
the same time was insignificant, which indicates
an independent reaction of each cultivar.

The weight of chlorophyll A and B per unit
area (g/m?) is almost independent of the fac-
tors and their interactions, but the FS x ST re-
lationship is significant for both the amount of
chlorophyll A, B and their sum. If the amount

of chlorophyll A was almost unaffected by the
main factors and their interactions, the amount
of chlorophyll B significantly depended on the
fertilizer system and its interaction with the va-
rietal factor, sowing term and their combination.

According to the results of ANOVA and post-
hoc Fisher's LSD found that plants of the first
sowing term formed more photosynthetic pig-
ments on average than the second term. The
effect of the fertilizer system was manifested in
a significant decrease in the content of chloro-
phyll A with increasing the rate to 80 and 100 kg/
ha compared to the fone, but insignificant com-
pared to the rate of 25 kg/ha of nitrogen.

The content of chlorophyll B decreased at the
norms of 25 and 80 kg/ha, while it did not have a
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significant difference with the fone at the rates
of 100 kg/ha, its content increased compared
to fertilization with lower rates. Change in the
amount of chlorophyll B is the plant’s response
to stressful conditions and the adaptation of the
photosynthetic system to these changes. It was
found in resent research (Spanic et al.,, 2013) that

the grain yield of winter wheat did not depend
on photosynthesis in optimal conditions, but on
other physiological process which might be re-
lated to the energy usage efficiency. The present
research showed a strong correlation between
chlorophyll content (Cl +Cl,) at anthesis with dry
matter accumulation after anthesis (Fig. 2).

A B
,,,,,,,,,,,,,,,,,,,,,,,,,,, 0O-- I
g pemmmemeemeeee ST-1
65 ~T[tutrotooreon TTTTTTTTTTTTTIIITITTTTTL gty T
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25 35 45 55 65
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25 35 45 55 65 25
Cl,+Cl,, g/m?

35 45 55 65
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Figure 2. Relation between crop growth rate (CGR) in period “anthesis - wax maturity”
and chlorophyll content at anthesis
Note: Annex. Cultivars: A - Pidzimok kharkivskiy; B - Amur; C - Obriy mironivkiy. Sowing term: ST-1 - Il decade
of October, ST-2 - I1I decade of October; means presented with standard errors (SE)

Silva et al. (2014) established that chlorophyll
photosynthetic potential, characterizing the to-
tal amount of chlorophyll in the aboveground
plant parts during the vegetative period under
optimal environmental and climatic conditions
correlated with the yield. This statement is true
if the growth and development of triticale and
wheat follows a typical path. In a previous study
(Mazurenko § Novytska, 2020), it was found that
the accumulation of dry matter in those varieties
of triticale corresponded to the normal develop-
ment cycle, and the accumulation of dry matter
had a strong correlation with yield. All stud-
ied cultivars have a strong positive correlation
between chlorophyll content and dry matter ac-
cumulation in optimal condition (sowing term:
11 decade of October), but they have a difference

in these relations in unfavorable conditions.
Pidzimok kharkivskiy has a negative correlation,
when winter cultivars have a positive. The rea-
son for this phenomenon may be a significant
increase in chlorophyll in facultative triticale,
which does not play a photosynthetic role, but is
areaction to stress.

CONCLUSIONS
Winter cultivars have a strong positive correla-
tion between the content of chlorophyll and the
accumulation of dry matter in the post-anthesis
period. At the same time, this relation differs in
facultative triticale Pidzimoc kharkivskiy de-
pend on sowing term. Fertilizer system has a sig-
nificant effect on these indicators - an increase
in the rate of nitrogen leads to an increase in
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the content of pigments, which in turn increas-  so the reaction to the increase in the nitrogen
es the CGR in winter cultivars Amur and Obriy rate is ambiguous, as a larger quantity of pig-
mironivskiy. Cv. Pidzimoc kharkivskiy has high ments does not increase the accumulation of
CGR values in crops of the second sowing term, dry matter.
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b5.0. Ma3sypeHko

KaHamaaTt 6ionoriyHmx HayK, acMCTEHT Kadeapu POCAMHHMULTBA
HauioHanbHWI yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois ObopoHu, 15, m. Knis, YkpaiHa

MpoAyKTUBHICTL TPUTHKANE 3aI€XHO Bif BMiCTy
doTOCUHTE3YyIoOuUMX NIrMeHTIB B aHTeue3ii

AHoTauif. OTOCHHTEeTUYHI ITiIrMeHTH BiZ[irpaloTh BaJXJIUBY POJIb Y HAKOIIMYEHHI CyX0l peYOBUHU
i MORyTB 6yTM MapKepaMu cTpecy. 3MiHa CITiBBifHOIIEeHHS Xjopodinie A i B cBiZuuTh I1po
¢izionoriuHi 3MiHM Ta afanTallilo OpraHisMy o 3MiH YMOB HaBKOJIUIITHBOI'O cepefoBUIla. CTPOKU
ciB6U Ta BHECEHHS a30THUX HOOPUB € JOBIOTPUBAIMMHU (aKTOPaMU, TOMY BMICT XJIOpPOdimiB
y [paloplieBOMy JIMCTKY BKa3ye Ha [JOBTOTPUBAJy alamTallilo GOTOCMHTETUYHOI CHCTEMU.
BCTaHOBJIEHHS B3a€MO3B 13Ky MK BMicToM xy10podisniB y dpasi Buxomy B TpybKy Ta HAKOITMYEHHAM
Cyxol peyoBUMHHU B Ilepiof, KYILIiHHS-KOJIOCIHHSI BKa3ye€ Ha COPTOBY peakllilo TpUTHUKaje Ha
ymo6peHHs Ta CTPOKU ciBbu. [TpoBemeHO TpudaKTOPHUM IMTOMBOBUM HOCIiZ,. JOCTimKyBamu aBa
03UMUX i OmUH GaKyIbTATUBHUM COPT TPUTHKAJIE, IBA OCIHHIX CTPOKY CiB6H Ta CUCTeMY YIO06peHHS
3 BHECEHHAM Ppi3HUX HOPM a30THUX AO6PUB y pi3Hi dasu po3BUTKY. BCTAHOBIIEHO, IO BMICT
$OTOCUHTETUYHMX ITIFMEHTIB ¥ KOKHOTO COPTY BiIpi3HABCS 3aJI€KHO Bifl CTPOKY CiB6U Ta CICTeMU
yIo6peHHs B IepepaxyHKy Ha MT Ha 1T cyxol pedoBUHU OJIT XJI0podiny A, B Ta cymu A+B. [Ipu
LIbOMY Pi3HULIA MK paKTOpaMu Ta iX B3aeMoZi€lo 6yyia HeCYTTEBOIO AJIf 3aTaJIbHOI MacH XJI0podiy
Ha OOMHULIO IUToli (r/M2) mia xaopodiny A Ta cymu A+B, aje JOCTOBIpHOIO A4 Xiopodiny B 3a
dakTopoM cucteMu ynobpeHHA. Lle CBiZUUTH IpPO Te, IO OCHOBHUM CTPECOBUM CHUTHAJIOM €
xj0podin B, TOMy CIiBBiIHOLIEHHS XJIOPOdiny A i B CyTTEBO BiApi3HANIOCS 3aJIEKHO Bif LIOTO
daxkTopa. CriBBigHOmEeHHH Cla: Clb 33 OITTHMaIBHOTO CTPOKY CiB6U CTaHOBUTH 5,3-8,1y cv. ITig3iMoK
XapKiBCbKUH, 4,8-8,3 y cv. AMypchKui Ta 5,0-6,7 y cv. O6pili MUPOHIBCHKUM. BCi COPTY MaIOTh CUIIBHY
TIO3UTHUBHY KOPEJIALio MiXK BMicTOM XJ10podiny B ¢pasi Buxomy B TPyOKY Ta HAKOIIMYEHHAM CyXO0l
pedYoBUHU B ITicaada3HUM Ilepiof 3a OIITUMAaIbHUX YMOB, ajie aKyabTaTuBHe TpUTHKae [1i13iMoK
XapKiBCHKUH Ma€ HETaTUBHY KOPEJIALIi0 32 HECTTPUATINBUX YMOB, IO ITOSCHIOETHCA 361IbIIIeHHAM
BMicTy xyiopodiny, 6e3 36inblIeHHS HAKOIMYEHHS Cyxol pedoBMHU. [ofmasblii ZOCIiIKeHHS
B33a€EMO3B'A3Ky MK BMICTOM XJI0podisiy Ta CUHTE30M ITepPBUHHUX i BTOPMHHUX MeTaboJITiB €
TIepCIeKTMBHUMU ITPpY BUBUEHHI COPTOBOI peaKliil Ha Zito CTPeCOBUX Ta arpOTeXHIYHUX GaKTOpiB
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