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EFFECT OF CULTIVAR AND YEAR ON
PHYLLOCHRON IN WINTER BARLEY

ABSTRACT: Development and growth of leaves in cereals significantly affects grain
yield since dry matter accumulation depends on the leaf area that intercepts light. Phyl-
lochron (PHY) is defined as time interval between the emergences of successive leaves on
the main stem. The aim of this study was to determine the effect of year and cultivar on
phyllochron in winter barley. Twelve cultivars of winter barley differing in origin and time
of anthesis were tested during six growing seasons (GS), from 2002/03 to 2007/08. The
highest PHY across GSs was determined in the two-rowed cultivar Cordoba (81.6°Cd) and
the lowest in the two-rowed cultivar Novosadski 581 (71.0°Cd). The early cultivars had fast
leaf development, the medium cultivars medium and the late cultivars slow development,
72.5°Cd, 75.6°Cd and 78.9°Cd, respectively. The tested cultivars showed significant varia-
bility in the PHY, which can be used for selecting most adaptable genotypes for specific
growing conditions.
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INTRODUCTION

The phyllochron (PHY) is defined as the thermal time interval between
the emergence of successive leaf tips, expressed as growing degree days —
GDD or degree days - °Cd Johnen et al., 2012). It is a measure of plant
development that could be used to assess how the plant has responded to
environmental conditions or to predict how it is going to respond to them. To
estimate the daily interval between growth stages, photothermal units or
growing degree days are usually used. PHY is an alternative approach for
measuring the period between growth stages. Its advantages are that it is more
flexible than the other approaches and that it integrates developmental pro-
cesses within the plant.
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PHY is a result of combination of genetic and environmental factors,
which interact to produce plant leaves in a predictable manner. PHY has been
widely accepted by crop modelers for predicting plant development and by
producers for determining the timing of management practices such as irriga-
tion, fertilization or pesticide application. The effect of environmental chang-
es on the rate of leaf emergence in barley ought to be understood in order to
make accurate predictions concerning the cropping technology.

Air temperature is the main factor affecting PHY (Rickman andKlep -
p er, 1991). Other environmental factors (daylength, water stress, carbohydrate
reserves and nutrient stress) have been shown to have little effect on PHY in
grasses (Borras-Gelonch etal, 2010). Long photoperiod increases the
rate of leaf emergence, i.e., it decreases PHY in wheat and barley (Mirschel
et al., 2005). Water and nitrogen deficits decrease PHY. Leaf emergence rate
in wheat depends on the cultivar and sowing date (Miralles et al., 2001),
resulting in fewer leaves per plant in later sowing dates. Arduini et al,
(2010) found that the rate of leaf emergence is defined early in the life cycle.

The purpose of this study was to analyze the effect of cultivar and year
on PHY of winter barley and to compare leaf emergence in cultivars with dif-
ferent thermal requirements until anthesis.

MATERIALS AND METHODS

Cultivars and crop management. Twelve barley cultivars which differed in
origin, pedigree and agronomic traits were used in this study. A 6-year experi-
ment was conducted from 2002/03 to 2007/08 growing seasons (GS) at the ex-
perimental field of Institute of Field and Vegetable Crops in Novi Sad (45°20°N,
15°51’E, altitude 86 m) on a Chernozem 5011 and under rainfed conditions. Plant-
ing den51ty was 300 viable seeds per m? for six-rowed barleys and 350 viable
seeds per m? for two-rowed barleys. To avoid negative effects of diseases and
pests, the experiment was sprayed with the fungicide Tilt 250 EC in Zadoks
phase 64 and with the insecticide Karate zeon. Weed control was performed by
hand. Degree days with a 7;, of 0° C were calculated accordingto Przulj (2001).

Statistical analysis. All the data were subjected to the analysis of variance
using Statistica 9.0 program (StatSoft, Tulsa, OK, USA). When differences among
earliness groups (early, medium early, late) were tested, four cultivars from
each group were considered as replication for detection of PHY duration.

RESULTS AND DISCUSSION

Phenological development and PHY in cereals are the result of genetic
background and environmental factors (McMaster, 2005). PHY is con-
trolled by two factors (cultivar and year), and their interaction (Table 1). Al-
though differences in PHY were observed among the cultivars (Tables 1, 2),
PHY-based ranking of cultivars could not be performed.
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Table 1. Mean squares and percentage of variance components of the phyllochron (PHY) for
winter barley

Source df PHY
Cultivar 11 176.78**
Year 5 1929.41%*
CxY 55 41.54%*
% of variance components

Cultivar 23.09
Year 30.18
CxY 40.45
Heritability 0.77

** _ Significant at the 0.01 level

If it is accepted that PHY is shorter in late sowing (Miglietta, 1991),
one could conclude that sowing was late in 2003/04, 2004/05 and 2005/06,
since PHY was 70.9, 71.7, and 70.9°Cd respectively (Table 2). However, sow-
ing was in regular time and shorter PHY was a result of unfavorable growing
conditions, first of all temperature and water, from sowing until flag leaf
emergence. High soil temperature at the time of seed emergence only shortens
the duration of germination and seedling emergence. It had no effect on either
the PHY or phenological development in wheat and barley (McMaster and
Wilhelm, 2003).

The early cultivars Skorohod and Novosadski 581 had the lowest °Cd
requirements, or the shortest PHY, and the late cultivars Novator, Kredit, Monaco,
and Cordoba had the highest °Cd requirements or the longest PHY (Table 2).
The early cultivars showed no consistency in the relationship between PHY
and earliness, while the medium early and late two-rowed barley cultivars
were found to have a longer PHY. While Borras et al. (2009) determined
that two-rowed spring barley cultivars have a short PHY, Juskiw et al.
(2001) found them to have a long PHY. PHY in spring barley varied in de-
pendence of genotype and combination of temperature and daylength, but it
invariably increased as temperature increased or daylength decreased.

In this study, the average PHY was 75.7°Cd, with a range from 71.0 to
81.6°Cd (Table 2). In relation to spring barley, the observed PHY was longer
than the mean of 64.5°Cd for Alaska growing conditions (Dofing and
Karlsson, 1993) and shorter than the means of 77.2°Cd for North Dakota
environment (Frank and Bauer, 1995) and 107°Cd for winter wheat
grown in Central Great Plains, USA (McMaster et al., 1992).

The time from sowing to emergence was 138 °Cd (Przulj etal., 2012),
which was about two PHYs. Juskiw et al. (2001) attributed one PHY to the
development of coleoptiles and another PHY to the first true leaf.

Juskiw etal. (2001) found that PHY is prone to error because tempera-
ture and daylength are known to affect the leaf emergence rate. Our results
confirm this statement, where error for PHY of a specific leaf was rather
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Table 2. Phyllochron (°Cd) for twelve winter barley cultivars across six growing seasons (GS)

GS
Cultivar
2002/03 2003/04 2004/05 2005/06 2006/07 2007/08 Average
Kompolti-4 (E, 6R) 73.0 63.2 68.8 73.7 87.9 71.9 73.1
Skorohod (E, 6R) 70.1 68.0 68.1 63.9 86.0 71.3 71.2

Novosadski 525 (E, 2R)  72.3 71.9 72.9 70.7 90.0 70.5 74.7
Novosadski 581 (E, 2R)  70.7 65.4 68.6 68.4 83.5 69.4 71.0

Plaisant (M, 2R) 65.9 70.9 70.0 69.6 88.6 80.6 74.3
Gotic (M, 6R) 67.7 68.9 70.4 70.5 89.6 85.1 75.4
Sonate (M, 2R) 77.8 68.7 75.0 69.7 91.2 75.4 76.3
Boreale (M, 2R) 71.3 69.5 72.6 70.6 90.3 76.2 76.1
Novator (L, 2R) 71.8 73.3 70.4 70.7 90.8 85.4 771
Kredit (L, 2R) 76.8 72.3 69.8 72.0 94.3 86.9 78.7
Monaco (L, 6R) 82.1 78.0 70.7 74.2 92.8 75.6 78.9
Cordoba (L, 6R) 81.1 81.3 83.3 77.2 94.0 72.6 81.6
Average 73.9 70.9 71.7 70.9 89.9 76.7 75.7

Cultivar ~ Year CxY (Y%
LSD 0.05 0.9 0.7 2.7 1.9%

0.01 1.2 0.9 3.0

E-early, M-medium, L-late, 2R- two-rowed, 6R- six-rowed

high, ranging from 13.63% to 33.47% of total variation (Table 3). Leaves 13"
and 14™ were exceptions, with the errors of 8.85% and 4.69%, respectively.
There was a paradox associated with these two leaves: the lower the degree of
freedom, the lower the error. It might be due to the lower variability for leaves
13™ and 14" of the analyzed cultivars since those that had lower values of
PHY (Novosadski 581, Novosadski 525, Scorohod, Sonate and Boreale) did
not have 13™ and 14™ leaves and were not included in statistical calculations.
The values of PHY heritability were rather high, although cultivar participa-
tion in total variation was less than 10% (Table 3).

When the cultivars were sorted according to earliness, PHY was deter-
mined by maturity class and growing season (Table 4). The interaction matu-
rity class x year was not significant for PHY (Table 4), i.e., the early cultivars
invariably had the shortest PHY and the late ones had the longest PHY re-
gardless of the year (Tables 2, 5).

The rate of leaf emergence as a function of leaf number increased
throughout the growing season from about 50°Cd for the first leaf to 100°Cd
for the last leaves. The rate of change fitted the quadratic equitation with the
R? value >0.93 (Figure 1). It greatly depended on GS which participated in the
total variation with >30% (Table 1). Some studies indicated that the rate of
leaf emergence or PHY was constant in both wheat and barley from seedling
emergence to the emergence of the flag leaf (Kamali and Boyd, 2000;
Juskiw etal., 2001; Juskiw and Helm, 2003). Other studies showed
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Table 3. Percentages of the components of variance and heritability for the PHY of individual
main stem leaves across 12 winter barley cultivars and six growing seasons (2002/03-2007/08)

Variance component Percentage of variance components
Leaf Total Culti- hi
df o o 0%y Error var Year CxY  Error b
Ist 215 1.55 6846 0.00 3522 147 65.06 0.00 3347 044
2nd 215 334 8447 0.00 2873 2.86 72.49 0.00 24.65  0.69
3rd 215 270 7487 2.85 1610 2.80 71.57 2.96 16.68  0.66
4th 215 481 79.06 556 1774  4.49 73.77 5.19 16.55  0.72
Sth 215 513 5755 912 1320 6.04 67.70 1073 15.53  0.69
6th 215 551 4941 845 1629 6.92 62.03 1061 2045 0.70
7th 215 493 4948 12.62 12.00 6.23 62.61 1597 1519  0.64
8th 215 544 5086 1149 1370  6.67 6242 1410  16.81 0.67
9th 215 386 53777 13.82 12.57 4.60 6399 1645 1496 0.56
10th 209 574 5051 1333 1450  6.83 60.07 1585 17.25 0.65
11th 209 475 5441 1832 1223  5.29 60.65 2042 13.63  0.56
12th 182 656 7276 19.85 16.61  5.67 62.84 1714 1435  0.61
13th 104 1579 97.61 36.52 14.56  9.60 59.35 22.20 8.85 0.70
14th 53 11.67 31673 581 1643 3.33 90.33 1.66 4.69 0.84

Flagleaf 215 20.77 11495 3630 3295 10.13  56.08 1771 16.08  0.72

Table 4. Mean squares of phyllochron (PHY) for three maturity classes of winter barley

Source df PHY
Maturity class 2 257.88%*
Year 5 643.35%*
Maturity class x year 10 12.61™
% of variance components

Maturity class 28.28
Year 30.21
Maturity class x year 0.00
Heritability 0.96

** _ significant at the 0.01 level, ns — non significant

that PHY varied with plant development and that the pattern of leaf emer-
gence was bilinear rather than linear. A change in PHY may occur between
leaves 6 and 8 (Miralles etal, 2001). Flood et al. (2000) suggested that
variation in PHY may be due to ontogenetic changes, the changes occurring
around the double ridge stage. Miralles and Richards (2000) found a
linear relationship under long days and a bilinear relationship for leaf emer-
gence under short days.
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Table 5. Phyllochron for the three maturity classes (E-early, M-medium, L-late) across 6 growing
seasons (GS)

GS
Maturity class 2002/03  2003/04 2004105 2005/06 2006007 2007/08  *-verage
E 715 671 69.6 69.2 86.9 70.8 725
M 722 70.5 72.0 70.1 89.9 79.3 75.6
L 77.9 75.3 73.5 73.5 93.0 80.1 78.9
Average 73.9 70.9 717 70.9 89.9 76.7 757
Maturity cl.  Year McxY CvV
LSD 0.05 2.2 3.1 55 5.1%
0.01 3.0 42 73
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Figure 1. Phyllochron across four early (E), four medium (M) and
four late (L) winter barley cultivars across six growing seasons

CONCLUSION

Under the conditions of the Novi Sad region, the average phyllochron
of leaves on the main stem of winter barley was 75.7°Cd. The phyllochron in
the early cultivars was shorter by 6.4°Cd than in the late ones. Since PHY
is determined by the genotypes, growing conditions and interaction between
cultivar and growing conditions, selection of appropriate cultivars for dif-
ferent growing conditions is important task of barley growers.
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YTULAJ COPTE U TOAMHE HA ®1JIOXPOH O3UMOI" JEUMA

Hoso M. Ilpxyss, BojucnaBa M. Momuniosuh
WHCTUTYT 3a paTapcTBO U MOBPTAPCTBO
Maxkcuma ['opkor 30, 21000 Hoeu Can, Cpouja

PE3VIME: PasBuhe 1 pact ucToBa XHUTa 3HAYajHO YyTHUYE HA IPHHOC 3pHA jep
aKyMyJialja CyBe MaTepuje 3aBUCH Ol JIMCHE NOBPIINHE Koja anicopOyje CyHUeBy CBET-
socT. OUIOXPOH Ce Ae(UHMILE Ka0 BPEMEHCKH HHTEPBall u3Mel)y mojase CyKkuecuBHIX
JIMCTOBA Ha IMIaBHOM cTaduy. L{nsb OBOr HCTpaXkuBama je 1a ce oapean edexar roau-
HE ¥ COPTE Ha Ty KHHY (HIOXPOHA KOJI 03UMOT jeuMa. /[BaHASCT COPTH O3UMOT jeuMa
PasIUYUTHX 10 TIOPEKJy U BPEMEHY JI0 [IBETamba TECTUPAHO j€ TOKOM ILECT IPOH3-
BOJHHX ce30Ha, ox 2002/03. mo 2007/08. na mokanurery ,,HoBu Can”. Hajmyxn ¢u-
noxpoH (81.6 °Cd) umana je copra nopenor jeuma ,,Kopnoba“, a najkpahu (71.0 °Cd)
copTa ABopenor jeuma ,,HoBocancku 581%. Pane cote nmase cy HajOp»KH, Cpeambe paHe,
CpPebH U KacHe COpTe HajCIOpHjU MmopacT JuctoBa. Kox paHUX cOpTH IpOCcevYHa Bpe-
HocT (utoxpoHa n3Hocuna je 72.5 °Cd, cpenme panux 75.6 °Cd u kacaux 78.9 °Cd.
Tectupane copTe mokasaje cy 3HauajHy BapujaOUIIHOCT y NYXKUHU (PUIOXPOHA, IITO
MOXe MPENICTaBhATH OCHOBY y M300py HajajanTaOMITHU]UX TEHOTUIIOBA y oipeleHrM
yCIIOBUMa CHOJbHE CPEAHHE.

KJbYUHE PEYMU: jewam, Hordeum vulgare, pnuinoxpoH, XepuTaOUITHOCT, BapH-
jaHca, QHIOXpOoH
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