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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
varied 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/m2) 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 5.3-8.1 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 study of the relationship between chlorophyll content
and the synthesis of primary and secondary metabolites is promising in the study of
varietal response to stress and agronomic factors.
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Introduction.

Morphological features of the flag
leaf of cereals 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 ra-
tios of pigments are a varietal feature
of cereals (Pryadkina & Makharinska,
2021), and chlorophyll content is higher
and varies greatly in triticale (Arough
et al., 2016). Productivity of photosyn-
thesis 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 concentration in plants
is related to chlorophyll content, and
therefore indirectly to one of the basic
plant physiological processes: photosyn-
thesis (Haboudane et al., 2002; Amaliotis
et al., 2004). Cereals have a different re-
quirement to nitrogen in different growth
stages (Akhter et al., 2016), so chloro-
phyll content varies similar (Shadchina
& Dmitrieva, 1995). Chlorophyll content
can be a stress indicator in plants under
unfavorable conditions or nutrient defi-
ciency (Tejada-Zarco et al., 2004). Nitro-
gen as a structural element of chlorophyll
and its deficiency can impact on photo-
synthesis and dry matter accumulation
(Ray Tucker, 2004).

Materials and methods
of research.

Field experiments were conducted
in 2016-2019 in the Right-bank For-
rest-Steppe of Ukraine (49°46 N, 30°44

"E). The soil is typical low-humic black,
the arable layer of which is character-
ized by the following agrochemical and
agro-physical indices: humus content
— 4.31-4.63%; pH — 7.2, easily hydro-
lyzed nitrogen (according to Kornfeld)
— 152.3-167.0 mg; P,O, in acetic acid
extract (according to Chirikov) — 109.0—
142.0 mg; exchangeable potassium (ac-
cording to Chirikov) — 127.0-132.0 mg
per 1 kg of soil.

Field experiment was conducted by
3-factorial scheme. Factor A is a culti-
var, factor B is a sowing term and factor
C is a fertile system. There are Pidzimok
kharkivskiy (facultative), Amur (win-
ter) and Obriy mironivkiy (winter) were
observed. Each cultivar was sowed in
two terms — 2" and 3™ decade of Oc-
tober. Fertilization system included 4
options. There are P, K_, as a fone (B1),
and 3 options with different nitrogen

fertilizations (B2 — P, K, + N |, |, B3
o P35K72 + N25(11-13)+ N55(23); T 362
+N +N

25(11-13) 55(25) + 20(4

Tillage system incluged only one
plowing after preceding crop harvesting
(soybean). Was conducted cultivation on
sowing depth (2—4 cm) before sowing.
Triticale was sown with 15-cm inter-row
spacing with rate 450 grains per square
meter. Weren’t applied pesticides during
research. The experiment was established
in 4 replications. The size of elementary
plots was 32 m? (25.2 m? to harvesting).

10 plants was collected in anthesis
and wax ripeness for establishing crop
growth rate (Hunt et al., 2002) and chlo-
rophyll content in flag leaf at anthesis.
Chlorophyll content was determined by
spectrophotometric method and calcu-
lating according Wellburn (1994). Statis-
tical elaboration date was done by mul-
tifactorial analysis ANOVA in Statistica
13.0. Difference between variant was
established by Fisher LSD post-hoc test.
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Results.

Content of photosynthetic pigments
in the flag leaf at anthesis is an import-
ant indicator of the productivity poten-
tial of triticale. Flag leaf can accumulate
almost up to half of the dry matter of
the seed under normal conditions, so the
increase in its content indicates an in-
crease in assimilation processes. Plants
of different sowing terms in a certain
phase may have different contents of
photosynthetic pigments, have differ-
ent 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 significantly depending on the
variety and sowing period (table 1 and
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 variety separately.

Cv. Pidzimok kharkivskiy is charac-
terized by a much lower content of chlo-
rophyll A in the flag leaf than other cul-
tivars. Content of chlorophyll A in the
variants without nitrogen application
and at the rate of 25 kg/ha do not dif-
fer significantly, because the habitus of
plants is similar, and the area of the flag
leaf and its weight did not differ signifi-
cantly. The content of chlorophyll A is
significant in the plants of the first sow-
ing 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 chlorophyll B
also increased accordingly, but the ratio
of C1:Cl, differed significantly, and its
low value is evidence of stress.

Cv. Amur has a different reaction to
nitrogen fertilization acco r ding to the
chlorophyll A content depending on the
sowing term. Content of Cl_is signifi-
cantly reduced at the rates of application
of 80—100 kg/ha of nitrogen compared to
the options without application 25 kg/ha
in plants of first sowing term. For other
side, content of chlorophyll A increases
when nitrogen is applied at the rate of
25-80 kg/ha, but fertilization at 100 kg/
ha significantly reduces its content.

Cultivar Obriy myironivs k iy was
characterized by a much higher content
of chlorophyll A than other varieties, al-
though 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 diff e rence 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) dif-
fered significantly b etween cultivars,
sowing terms, but the effect of the fer-
tilizer system was ambiguous (table 2).
Content of chlorophyll A (figure 1) in the
cv. Amur and cv. Obriy mironivskiy did
not differ signifi cantly, but the content
of chlorophyll B was higher in cv. Obriy
mironivskiy compared to other cultivars.

The interaction of FS x ST factors is
one of the strongest among other interac-
tions (exclude primeval factors), which
indicates a diff erent reaction of crops
of different sowing terms to the fertiliz-
er system, ie the lack of a specific algo-
rithm 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 chlorophyll A and B. Interac-
tion of primeval factors at the same time
was insignificant, which indicates an in-
dependent reaction of each cultivar.
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1. Content of chlorophyll A and B in flag leaf at anthesis (average 20162019 years)

Sowing e glimg?t weight in dry matter e C2 GR. ¢/
term Cl, /g | Clymglg | “p 0w | CLICL, | Cl, g | Cl, ghn® | = G | m? per day
Pidzimok kharkivskiy
B1 | 6,59« 1,08 7,67% 6,1 40,0 6,54 46,6 4,93
| B2 | 6,69« 1,02° 7,710 6,6 33,3® 5,0t 38,41 4,47
B3 | 588" 0,73 0,61™ 8,1 28,4 3,5 31,9% 4,15
B4 | 7,79% 1,48 9,27% 53 44 4obe 8,4¢ 52,80 442
BL | 5,11* 0,83 ¢ 5,94 6,2 27,3 4.4 3,7 6,02
I B2 | 4,15 1,07 5,22 3.9 27,8 7,204 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¢de 5,8 52,5¢ 9,1¢ 61,64 541
Amur
B1 | 11,72 2,45¢ 14,17¢ 4,8 43,6" 9,1¢ 52,8 523
| B2 | 10,64 1,28 11,92¢ 8,3 45,3 5,4 50,7t 4,04
B3 | 831® 1,35 9,66™ 6,2 40,2 6,6 46,8 4,17
B4 | 8,01® 1,41 9,42t 5,7 36,1° 6,4% 42 4% 3,93
Bl | 846 1,31 9,77t 6,5 33,9 5,3® 39,2t 4,75
I B2 | 9,39 0,98* 10,37 9,6 31,3 3,3 34,6 4,50
B3 | 10,73« 2,01° 12,78% 53 45,8 8,6 54,40 4,73
B4 | 647 1,16* 7,63 5,6 43,9 7,9 51,8 5,06
Obriy mironivskiy
B1 | 13,83¢ 2,144 15,974 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
Bl | 894 1,77 10,71 5,1 444 8,8 53,3 4,56
I B2 | 6,96 L11® 8,07 6,3 414 0,6" 48,0 3,92
B3 | 7.87® L17 9,04 6,7 34,00 5,1 39,12 3,50
B4 | 864 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

CGR - crop growth rate

The weight of chlorophyll A and B
per unit area (g/m?) is almost indepen-
dent of the factors and their interactions,
but the FS x ST relationship is signifi-
cant 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 significant-
ly depended on the fertilizer system and
its interaction with the varietal factor,
sowing term and their combination.
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2. ANOVA of chlorophyll content in flag leaf at anthesis

MS
Effect df Cla, mg/g | Cla, mg/g Clats, Cla,2 Clb,2 Cla+C21b,
mg/g g/m g/m g/m

Cultivar (C) 2 | 70,70%* 1,90%* | 95,58** | 456ns 1,42 ns 58,9 ns
Sowing term (ST) 1 | 3987** 0,72%%* 51,31%* 2,6 ns 4,24 ns 13,6 ns
Fertile system (FS) 3 2,94* 0,54** 4.66* 133,Ins | 19,48** | 247,6ns
CxST 2 | 14,16%* | 036%* 18,37** | 40,7 ns 5,55 ns 76,2 ns
CxFS 6 | 13,51%* | 0,59** 17,98%* | 163,3ns | 9,13** | 216,6 ns
FSx ST 3| 25,18%% | 0.84%*% | 3485%* | 2853* 7,46* 374,5%
CxSTxFS 6 1,73ns 0,19%* 2,44ns 118,8ns | 9,23** 183,7 ns
Error 43 0,92 0,30 1,18 76,0 2,29 102,0

* — p<0.05; ** —p<0.01; ns — factor/interaction insignificant at 95% level (p>0.05);

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

The content of chlorophyll B de-
creased at the norms of 25 and 80 kg/

ha, while it did not have a significant dif-
ference 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 founded in resent research
(Spanic et al., 2013) that the grain yield
of winter wheat does not depend on pho-
tosynthesis in optimal conditions, but on
other physiological process which may
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Figure 1. Chlorophyll content depends on cultivar, sowing terms and fertile
system
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Annex. Cultivars: A — Pidzimok kharkivskiy; B — Amur; C — Obriy mironivkiy. Sowing term:
ST-1 —II decade of October, ST-2 — III decade of October; means presented with standard errors (SE)

Figure 2. Relation between crop growth rate (CGR) in period “anthesis —
wax maturity” and chlorophyll content at anthesis

be related to the energy usage efficien-
cy. In our research we observed a strong
correlation between chlorophyll content
(C1+Cl,) at anthesis with dry matter ac-
cumulation after anthesis (Figure 2).
Silva et al. (2014) established that
chlorophyll photosynthetic potential,
characterizing the total amount of chlo-
rophyll in the aboveground plant parts
during the vegetative period under op-
timal environmental and climatic con-
ditions correlated with the yield. This
statement is true if the growth and de-
velopment of triticale and wheat fol-
lows a typical path. In a previous study
(Mazurenko & Novytska, 2020), it was
found that the accumulation of dry mat-
ter in these varieties of triticale corre-
sponds to the normal development cy-
cle, and the accumulation of dry matter
has a strong correlation with yield. All
studied cultivars has a strong positive
correlation between chlorophyll content
and dry matter accumulation in opti-
mal condition (sowing term: II decade
of October), but they have a difference
in this relations in unfavorable condi-
tions. Pidzimok kharkivskiy has a neg-

ative correlation, when winter cultivars
have a positive. The reason for this phe-
nomenon may be a significant increase
in chlorophyll in facultative triticale,
which does not play a photosynthetic
role, but is a reaction to stress.

Conclusions and future
perspectives.

Winter cultivars have a strong posi-
tive correlation between the content of
chlorophyll and the accumulation of dry
matter in the post-anthesis period. At the
same time, this relation differs in facul-
tative triticale Pidzimoc kharkivskiy de-
pend on sowing term. Fertilizer system
has a significant effect on these indicators
— an increase in the rate of nitrogen leads
to an increase in the content of pigments,
which in turn increases the CGR in win-
ter cultivars Amur and Obriy mironivs-
kiy. Cv. Pidzimoc kharkivskiy has high
CGR values in crops of the second sow-
ing term, so the reaction to the increase
in the nitrogen rate is ambiguous, as a
larger quantity of pigments does not in-
crease the accumulation of dry matter.
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AHomayia. ®omocuHmesytodi niemeHmu 8idieparome 8axcaIUBY POsb Y HAKOMUYEHHI cyxoi
peyosuUHU i € MapKepamu cmpecy. 3miHa criegioHoweHHA Xnopoginy A i B 8Ka3ye Ha gizionoaiyHi
3MiHU ma adanmayito opaaHiamy 00 3miHU cepedosuusd. CMpoK ciebu i BHeCeHHA a30MHUX
0obpus € YUHHUKamu mpusasoi i, momy emicm xsnopoiny 6 nNpanopyesomy AUCMKY 8KA3Y€E
Ha doszompuseasy adanmayito pomocuHmesyr4oi cucmemu. BcmaHoesneHHA 3aaexHOCmi Mix
KinbKicmio niemeHmie y ¢paszy ueimiHHA U HOKONUYEHHAM Cyxoi pe4o8uUHU 8 nepiod 8i0 uBIMIHHA
00 80CKOBOI cMu210CcMi BKA3YE HA COPMOBY PEAKUiI0O MPUMUKaAsae HA NiOHUBAEHHA | CMpPOKU
ciebu. [lna ecmaHoeneHHA Yux peakyili 3aknadasci mpooxghakmopHul 00cnid i3 eus4yeHHs
03UMUX copmig i 080py4YKU mpumukKane, 2 ociHHIX cmpokig ciebu U cucmemu yoobpeHHA 3
ni0XUBAEHHAMU A30MOM Yy pi3Hi ¢pa3u pocmy. BcmaHo8neHO, W0 8 KOXHO20 copmy emicm
(homocuHmesyro4ux niemeHmie 8api8as 3anexHo 8i0 cmpoky U cucmemu yO0obpeHHA 3a
MOKAa3HUKamu me Ha 1 2 cyxoi pe4yosuHU 05 xnopoginy A B i cymu A+B. BoOHOYAC Pi3HUYA MiXc
hakmopamu ma ixHimu 83aemodiamu byna Hecymmesow 075 3a2076HOI MAcu HA OOUHUYi
naowi (2/m?) ons xnopoghiny A i cymu A+B, ane cymmesoto 017 xnopoginy B 3a pakmopom
cucmemu yo0obpeHHs. Lle 8Ka3ye, W0 OCHOBHUM CU2HAMI30MOPOM CMpecy € came Xsa0pogin
B, momy cniiggioHoweHHs xn1o0poginy A i B cymmeso pi3HUAOCA 3a1eXHO 8i0 Ub020 hakmopy.
3a onmumanbHo2o cmpoky cigbu cnisgidHoweHHa Cl :Cl, cmaHosume 5,3-8,1 y [1id3umKry
xapkiecokoeo, 4,8-8,3 y copmy Amyp ma 5,0-6,7 y copmy O6pili mupoHiecekuli. Yci copmu
MQaroMeb CUbHY NO3UMUBHY KOPEAAYi0 MiX Micmom xaopoginy y ¢hazy usimiHHaA i nodanewum
HAKOMUYEHHAM CyXOi pe4oBUHU 3a OIMUMAsbHUX YMO8, ane 080pyYKa [1i03umok xapKiecoKuli
MAE HE2aMUBHY KOpPesnAayito 3a HECTPUAMAUBUX YMO8, W0 N08 A3aHO 31 301IbUUEHHAM X10POQPiTY,
6e3 30inbuLeHs. HOKOMUYeHHSA cyxoi peyosuHu. Modanbuie 00CniOxeHHA 36°A3Kie Mix emicmom
xn0poginy U cuHmMe3om 8MopUHHUX memabosimie € nepcrekmMueHUM y 00CidOxeHHi copmosoi
peakyii Ha cmpec ma a2pomexHiyHi YUHHUKU.

Knrouoei cnosa: mpumukane 080pyYKa, XaA0pogisn, Cyxa pevyosuHa, Kopeaauyis
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