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Abstract. The effect of air temperature on valiigbof phenophase dates and the length of
spring triticale interphases was investigated byamseof simple linear regression analysis. An in-
crease in the mean temperature in Poland obsemve@65-2004, the biggest for the mean tempera-
ture in August (+0.5%/10 yearsP<0.01) and April (+0.5%C/10 yearsP<0.01), caused significant,
with P<0.01, acceleration of phenophase dates. The bthgesize of changes, the later the pheno-
phase it concerned — for beginning of tillering #verage acceleration of the date amounted to +1.8
day/10 years, for beginning of shooting +3,4 day/#€rs, for beginning of heading +4.2 days /10
years, and for wax maturity as many as +10.2 dByyéars. The duration of periods of emergence-
tillering and tillering-shooting in 1984-2004 beaarshortened by, respectively, -1.0 day/10 years
and -1.5 day/10 years, and the period of headergwaturity by —5.9 day/10 years. On the basis
of the generalized method of cluster analysis is Watermined that the biggest yields of spring
triticale crops can be obtained with earlier thaarage dates from sowing to beginning of heading,
and close to average dates of wax maturity andelsting, and also longer than average interphases:
sowing-emergence, emergence-tillering, shootingdimgaand periods: sowing-wax maturity and
sowing-harvesting, and with close to average domatif periods: heading-wax maturity and wax
maturity-harvesting.
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INTRODUCTION

Out of approximately 3.5 million ha of the areatdficale cultivation in the
world, nearly one third is represented by Poland (illion ha), of which about 110
thousand ha is the spring form (FAO 2004). Althoagbnomic importance of spring
triticale is still relatively low, it is a speci@gich, to a large extent, can replace wheat
and spring barley — in terms of health propertiestitive value of grain (especially
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for feeding pigs and poultry), volume of crop proiikity and soil requirements it is
competitive when compared to other spring cropséAiuk 2002).

The course of main phenological dates of spritigdte depends on the variabil-
ity of weather conditions in the period which prdes them. At the end of the"™20
century, there were numerous reports corroboréistgchanges occurring in air tem-
perature, measured by meteorological stationsnémease in mean monthly tempera-
ture, determined on the basis of changes occumitiyjs meteorological element in
the second half of the #@entury in Poland, was confirmed by, e.g., Lor@@90),
Boryczka and Stopa-Boryczka (2004), Fortunélal. (2001), Kauchowski and
Zmudzka (2002), Michalska and Kalbarczyk (2005).

Weather variability in successive years causeduaions of phenological
dates from year to year, which strongly affects viobume of yields of crop
plants, including triticale (Kalbarczyk 2002, 2008anget al. 2008, Xiaoet al.
2008). Observed reactions of crop plants to chamgpklenological dates, occur-
ring under the influence of climate changes, depgndn the species and
the region of the world are completely differenfrem an increase to a decrease
in obtained yields (Wangt al. 2008., Xiaoet al. 2008). In the case of spring triti-
cale, which is characterised by quite late matyrihg course of weather is espe-
cially important at the end of vegetation (headivayx maturity). Publications on
the effect of climate changes on the course ofpdgnoophases of crop plants are
relatively few (Gacaet al. 1995, Chmielewskét al. 2004, Tacet al. 2006, Wanggt
al. 2008, Xiaocet al. 2008); there are no such studies concerning spititgle.

The goal of the work was to determine whether ao@ Bignificantly the
highly observed trends in air temperature chandiestaphenological dates of
spring triticale cultivated in Poland.

MATERIAL AND METHODS

The material for the analysis comprised the resfltshenological observa-
tions for the standard of spring triticale (avesagéall varieties in a given year),
carried out at 39 experimental stations of the ReteCentre for Cultivar Testing
(COBORU) in whole Poland, in 1984-2004. These oladérns included dates of
emergence (), beginning of tillering (R), beginning of shooting ¢p, begin-
ning of heading (R), wax maturity (), and also agronomic dates — sowing (So)
and harvesting (Ha). Designation of each phenoddgilate given in brackets
complies with the BBCH codes (Compendiun?2002). Data from 56 stations of
the Institute of Meteorology and Water ManageméitGW), including mean
monthly air temperature of the months from MarchSeptember from 1965-
2004, were also used.
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Air temperature was characterised statisticallyingjvthe following values:
the multi-year average, the deviations from mudtaly average, the average in
particular years from all 56 stations of IMGW anttend in subsequent years, the
average from the period from March to Septembex structure of a month, two
months and the whole period of March-September. dgwophenological dates
and periods the following values were calculatbd:dverage, the standard devia-
tion, the minimum value, the maximum value andlithear trend.

The effect of air temperature on the dates of ppeases and the duration of
interphases was investigated with the use of alsitipear regression analysis.
The correlation coefficient r (0;1) served as a suea whether a regression func-
tion fitted the empirical data. Parameters of aeegjon function were determined
with the method of least squares. The hypothessigoificance of regression, i.e.
the correlation coefficient, was examined with #&nedecor test, and the sig-
nificance of regression coefficients with the Stutdetest (Sobczyk 1998).

Determination of the course of phenological dates the duration of inter-
phases conducive to the biggest yields of spriitigale was conducted on the
basis of the generalized method of cluster analsfore the analysis the yield,
the dates and the duration of interphases underm@mmalisation based on the
formula:

_ X;~Min(X) 1
ZJ_Max(xj)—Min(xi) @

where:Max(X) andMin(X;) denote respectively the highest and the lowestjalu
of this variable After such normalisation, all variables assumeldies from the
same range (0; 1) (Dobosz 2001).

The division of all observations of the analysedialdes into clusters was
conducted by means of the non-hierarchical metHok-means, in which the
Euclidean distance was used, i.e., the geometstarmtie in multidimensional
space (Hartigan 1975, Holden and Brereton 2004)ug@ng of observations with
the method of k-means consisted in moving the ebsens from a cluster to
another cluster to maximise variance between peaticlusters, at the same time
minimising variance inside the examined clustetse Test of the v-fold cross-
validation was used to determine the number oftetas The significance of dif-
ferences between isolated clusters was assessaddns of the variance analysis
using the Fisher test at the level 8£0.05 (Dobosz 2001).

All statistical calculations were made using ttagistical package “Statistica 8.0”".
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RESULTS AND DISCUSSION

Average air temperature of months from March tot&eper in 1964-2004 in
Poland amounted to 12 In subsequent years one could observe an iecirits
value, the linear trend amounted to +6G@per each 10 yearB<0.01), which in the
whole multi-year period gave an increase by “C2ig. 1). An especially high in-
crease in air temperature was observed from thefetik 1980s, from 1988 almost
all years were warmer than the multi-year averape. exception were years 1996,
which was colder by 1°G than the average, and 1993 — colder bY30.B particular
months of the triticale vegetation season, in witigve occurred a statistically sig-
nificant air temperature trend, an increase in gratpre was higher than for the av-
erage from the whole period from March to SepteniBigr. 2). The highest increase
occurred in the case of average temperature of #ug0.53C/10 yearsP<0.01)
and April (+0.50C/10 yearsP<0.01). It was also statistically confirmed thagrth
occurred an increase in May (+0.43;0.05) and July (+0.3@<0.1). Like in the
case of average temperature from the whole pemood March to September, also in
the case of particular months we could observglaehiair temperature increase from
the end of the 1980s. In April positive deviatidrsm multi-year average prevailed
already from 1983, after which temperatures lowantaverage occurred until 2004
only 5 times, while only in 1997 the temperatures Jaaver than average by —Z5
In the remaining cases the difference did not eke€e5C. In August the prevalence
of positive deviations could be observed from 1@8&r which negative deviations
until 2004 occurred twice, in 1993 and 1998, eu@kpproximately —1C each. In
months in which an increase in temperature wasadtigh, that is in May and in
July, the prevalence of positive deviations watbkssince the mid-1990 s.
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Fig. 1. Anomalies of average seasonal (March-SeptembetgmiperatureATs) for Poland com-
pared to mean of the 1965-2004 standard. Signiedevel: *** P<0.01
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Fig. 2. Anomalies of average monthly air temperatuk& o, ATyay, ATy ATayg) COmpared to
means of the 1965-2004 standard period for Polegual to: 7.8C (April), 13.0C (May), 17.7C
(July), 17.4C (August). Significance level: **P<0.01, ** P<0.05, *P<0.1

Weather conditions, changing in subsequent yeaimagly thermal condi-
tions, caused diversification of the course of pdevelopment stages, both for
wild growing plants and for crop plants (Lomas 19%parkset al. 2000,
Chmielewski and Roétzer 2002, Chmielewski al. 2004, Taoet al. 2006).
Changes in the dates of phenophases could be elsaltso in spring triticale
cultivated in Poland (Kalbarczyk 2002, Raszka 2002)

In 1984-2004, the main phenological dates of sgritigale (emergence:f be-
ginning oftillering: P, beginning of shooting:sR beginning of heading:sP wax
maturity: Rs) on average occurred in the period from the thedade of April to the
first decade of August (Fig. 3). In the particyjaars, considerable diversification of
the dates of phenophases was observed — the tearliéshe latest dates of emer-
gence, beginning of shooting and beginning of meadiffered by over one month,
and the earliest and the latest date of wax mathyitover two months. It was ob-
served that in subsequent years there occurrefficagi, with P<0.05, acceleration
of almost all dates of phenophases, excluding esnesg The bigger the size of
changes, the later phenophase it concerned: lnirtj average acceleration of the
date amounted to 1.8 day/10 years, for shootingl@4/10 years, for heading 4.2
days/10 years and for wax maturity as many asddy&/10 years. Increasingly early
phenological dates occurred since the end of tB8sl9ust as did the changes in the
course of air temperature in subsequent years.
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Fig. 3. Average dates of beginning of tillering,( beginning of shooting ¢), beginning of
heading (B and wax maturity (§) of spring triticale in Poland, 1984-2004. DOY:ydef the
year, significance level of trend: *¥®<0.01, ** P<0.05, *P<0.1

All considered phenophases were most strongly leded withP<0.01, with
average air temperature from the period of appratehy two months preceding
the average date of their occurrence (Tab. 1).dEbtes from emergence to begin-
ning of shooting were most strongly correlated watlrerage temperature from
March and April, those of beginning of heading wmperature from April and
May, and wax maturity with temperature from June dualy. The correlation
coefficient oscillated from -0.61 to -0.74, an ie&se in air temperature byCl
caused the acceleration of the dates from emergenioseginning of shooting by
approximately 2-3 days, the date of beginning efdieg by 4 days, and wax ma-
turity by over 5 days.

Table 1. Correlation coefficients (r) between average aingerature in a chosen period (month or

season) (F,9 and the date of phenophases (P) or the durafidevelopment periods (Dp) of spring
triticale in Poland, 1984-2004

P Month or season r(Pwd Temperature responséR/AT ¢ (daylC)
Poo Mar-Apr —0.65*** -2.8
Py Mar-Apr —0.61*** -2.4
P31 Mar-Apr —0.61*** -2.6
Ps1 Apr-May —0.74xx* -4.0
Pss Jun-Jul —0.63*** -5.3
Dp r (Op, T (ADp/AT g (dayPC)
Pog-P21 May —0.31*** -0.7
P21-Ps1 May —0.42%x* -1.0
Ps1-Pgs Jun-Jul —0.59*** —4.2

AP — date of phenophase change (dai)p — duration of development period change (day}),—
air temperature chang®Q), m s — month or season, significance level #0.01, BBCH-code:
Poe — emergence, P— beginning of tillering, B — beginning of shooting,siP— beginning of head-
ing, Pss — wax maturity.
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Comparison of the dates of the occurrence of phessgs in subsequent
years with the average multi-year date showeddhean in a relatively short pe-
riod, namely 20 years, of conducting phenologidaesvations of spring triticale
from year to year we can notice increasingly eavlgrage dates of phenophases.
Since the end of the 1990s distinct prevalenceeghtive deviations of the dates
of phenophases in subsequent years, in comparestimeir average multi-year
averages from 1984-2004, was visible (Fig. 4).
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Fig. 4. Anomalies in emergencéR,g), beginning oftillering (AP»y), beginning ofshooting APs,),
beginning of heading\(Ps,) and wax maturityAPgs) of spring triticale and in average air tempera-
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Poland, 1965-2004
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A consequence of the changes in the dates of phasepis changeable duration
of phenophases in subsequent years (Fig. 5). Biftess in the length of development
periods in particular years may amount to even 2@atays in the case of interphases
from emergence to heading, which lasted on avelager days (f2-Po1, Por-Pay, Psr-

Ps1) and over 50 days for the period of heading-waturiig, which lasted on aver-
age 54 days. The length of the periods of emergdlareng and tillering-shooting in
1984-2004 shortened by, respectively, —1.0 dayéedsyand —1.5 day/10 years, and
the period of heading-wax maturity, on averagetid®es longer than the previous
ones, shortened by —5.9 days/10 years. Only fopéned of shooting-heading no
statistically significant changes in the duratioerevconfirmed, which probably re-
sults from a similar value of acceleration of tlaed of shooting and heading. The
analysis of deviations of period duration in suloggd) years in comparison with the
average multi-year value showed that also in tlse ch the length of development
periods one could observe their distinct shorterespgecially at the end of the inves-
tigated multi-year period (Fig. 6). In the casetluf period of emergence-tillering,
periods lasting shorter than average occurred 886 (1999 was an exception), all
periods of tillering-shooting since 2000 were shiothan average, and in the case of
the period of heading-wax maturity periods shdtian average occurred since 1991,
after which only 4 times the duration of the peneaks longer than average (in: 1993,
1996, 1998, 2000).
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Fig. 5. Average duration of phases: emergence-tillering- ), tillering-shooting (B, Ps,), head-
ing-wax maturity (B-Pgs) of spring triticale in Poland, 1984-2004. Sigeddince level of trend: ***
P<0.01, **P<0.05

The length of the periods were negatively correlgf<0.01) with average
air temperature in May (RP,; and B;-Ps;) and with average air temperature in
June and July @2Pss, table 1). The value of the correlation coeffitiequalled
from —0.31 (Bs-P21) to —0.59 (B:-Pgs). An increase in air temperature in May by
1°C in comparison with the multi-year average causwttening of the periods of
emergence-tillering and tillering-shooting by, restively, 0.7 and 1.0 days, the
same increase in average air temperature in Juh&dwp caused shortening of
the period of heading-wax maturity by over 4 dayala. 1).
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Fig. 6. Anomalies in duration of phases: emergence-tile\Pyg-P>y), tillering-shooting AP,1-Psy),
heading—wax maturityAPs,-Pgs) of spring triticale and in the average air terapgre in May
(ATmay), from June to JulyAT;un.54) in Poland, 1965-2004

The influence of the dates of phenophases andethgti of development
stages on the vyields of spring triticale cropsdascribed in literature (Koziara
1996, Kalbarczyk 2006), manifests itself mostlyotigh beneficial effect of
longer than average development periods and thelewperiod of sowing-
harvesting on the yields. This is possible thaokihé earlier occurrence of initial
phenophases and the later occurrence of final giterses.

The conducted cluster analysis showed that theebtgyields of spring triti-
cale (cluster No.1) can be obtained with earliantaverage dates from sowing to
heading (So, 8, P.1, P51, Ps1) and similar to average dates of wax maturity and
harvesting (&, Ha) (Tab. 2). The highest yields were causedhgér than aver-
age interphases S@dPPyg-P.1, Ps1-Ps; and periods SogPand So-Ha, and similar
to average duration of periodg;#Pss and Rs-Ha. All dates and lengths of periods
significantly (P<0.01) differentiated clusters, however the highvedties of statis-
tics F occurred in the case of the dates of heagiag maturity and shooting, and
in the case of the considered duration of periodsr-the period of sowing-
harvesting and next for sowing-wax maturity. Sefeateclusters were weakest
differentiated by the duration of the following pats of wax maturity-harvesting
and also tillering-shooting and shooting-headinigictvis shown by the distance bet-



15C E. KALBARCZYK

Table 2. Statistical parameters of phenological and agrioalates and durations of development
periods, describing isolated clusters of variowsdyvolume

Clus- Yield (t ha?) Dates
ter X S So R P2y Pa1 Ps1 Pes Ha

mn 13.03 204 20.04 7.05 26.05 16.07 3.08
mx 10.04 30.04 12.05 30.05 21.06 24.08 3.09
X 2803 1504 205 1805 7.06 2.08 16.08
S 59 6.2 51 51 54 7.1 8.1

1 89 5.96 1.38

mn 25.03 15.04 29.04 9.05 25.05 6.07 22.07

mx 2204 205 2205 206 21.06 9.08 25.08
2 109 5.09 1.34 X 8.04 2404 8.05 2205 9.06 26.07 10.08

S 54 3.8 45 4.9 54 6.3 6.9

mn 404 16.04 3.05 16.05 3.06 30.07 10.08
mx 30.04 9.05 30.05 11.06 27.06 9.09 22.09
3 126 5.58 1.09 x 16.04 29.04 14.05 30.05 16.06 14.08 28.08

S 5.6 4.7 4.7 5.0 52 8.3 8.9

mn 13.03 204 20.05 7.05 2506 6.07 22.07
mx 30.04 9.05 30.05 11.06 27.06 9.09 22.09
X 8.04 23.04 9.05 2405 11.06 4.08 19.08
S 9.6 7.5 6.8 7.1 6.7 109 112

1-3 324 554 1.30

Periods

S0-Ry Pog-P21 P1-Ps; P31-Ps; Ps1-Pgs Pgs-Ha So-Rs So-Ha
10.0 9.0 7.0 10.0 41.0 3.0 111.0 126.0
29.0 28.0 33.0 34.0 73.0 33.0 148.0 160.0
17.7 17.1 16.0 20.2 55.7 14.3 126.8 141.1
4.0 4.6 4.5 4.2 6.5 6.8 7.4 7.9
7.0 5.0 5.0 7.0 24.0 3.0 91.0 107.0
30.0 24.0 26.0 30.0 65.0 45.0 134.0 142.0
16.0 14.2 14.2 17.8 46.8 15.5 109.8 123.8
4.9 3.7 3.9 4.8 6.5 7.7 8.1 8.4
7.0 8.0 7.0 5.0 40.0 1.0 99.0 115.0
24.0 26.0 29.0 29.0 81.0 40.0 145.0 158.0
12.8 15.1 16.0 17.4 58.4 13.9 119.7 133.4
3.6 3.8 4.1 4.3 8.6 7.8 10.3 9.8
7.0 5.0 5.0 5.0 24.0 1.0 91.0 107.0
30.0 28.0 33.0 34.0 81.0 45.0 148.0 160.0
15.2 15.4 15.4 18.3 53.7 14.5 118.3 132.3
4.6 4.1 4.2 4.6 8.9 7.5 11.1 11.2

n — number of observations, mn — minimum, mx — mera, X — mean, S — standard deviation, agronomic
dates: So — sowing, Ha — harvest, BBCH-cogle: Bmergence, P — beginning of tillering, R— beginning
of shooting, B.— beginning of headinggf- wax maturity.
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ween clusters presented in Figure 7. Whereas thBenadul positive temperature
trends in the early spring may positively affeat ttolume of the yields of spring
triticale, thanks to the possibility of earlier sSogr and earlier occurrence of subse-
quent phenophases, which is conducive to bettnirii of plants, strong trends of air
temperature observed in June and July in Polarskedie acceleration of maturing
and in consequence shortening of the whole devedopperiod of triticale, which
may have a negative impact on the volume of thielg/id*ersistence of the current
tendencies, i.e., the lack of or slight acceleratbinitial phenophases (emergence,
tillering) and growing acceleration of subsequeated (shooting, heading, wax ma-
turity) leading to shortening of development pesiodeteriorates the conditions for
obtaining good yields of spring triticale in Poland
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Fig. 7. Average normalisation of the yield, phenologicatl agronomic dates and the duration of
development periods of spring triticale in 3 clustisolated with the use of cluster analysis. So:
sowing, Ha: Harvest, BBCH-codeyd emergence, &2 beginning of tillering, B: beginning of
shooting, By: beginning of heading,sB wax maturity

CONCLUSIONS

1. The observed air temperature changes in the sewahof the 28' cen-
tury in Poland caused acceleration of phenophates dé spring triticale; dates of
heading and wax maturity changed the most.

2. The lack or slight acceleration of initial phenopbés (emergencegegin-
ning of tillering) and growing acceleration of sassive dates (beginning of
shooting, beginning of heading, wax maturity) ledshortening of development
periods of spring triticale, which was especiatipsg in the case of the heading-
wax maturity interphase.
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3. Persistence of the current trends of changes iabes and duration of
development periods may deteriorate the conditifmmsobtaining good crop
yields of spring triticale in Poland.
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Streszczenie. Wplyw temperatury powietrza na znoéhrierminéw fenofaz i diugd
miedzyfaz pszeryta jarego zbadano za pomoanalizy regresji prostej liniowej. Obserwowany
w latach 1965-2004 wzrostedniej temperatury powietrza Polsce, naksizy w przypadkdredniej
temperatury sierpnia (+0,%3/10 lat, P<0,01) i kwietnia (+0,58C/10 lat, P<0,01), powodowat
istotne przyP<0,01 przyspieszenie terminéw fenofaz. Widlkamian byta tym wiksza, im pé-
niejszej fenofazy dotyczyta — dla patiau krzewieniagrednie przyspieszenie terminu wyniosto +1,8
dnia/10 lat, dla pocku strzelania wedzbto +3,4 dnia/10 lat, dla postku kloszenia +4,2 dnia/10
lat, a dla dojrzatéci woskowej @ +10,2 dnia/10 lat. Dlugg okresdw wschody-krzewienie i krze-
wienie-strzelanie wdzbto w latach 1984-2004 ulegta skréceniu o, odpowied-1,0 dnia/10 lat i —
1,5 dnia/10 lat, natomiast okresu kloszenie-dopgaivoskowa o —5,9 dnia/10 lat. Utrzymanie si
dotychczasowych tendencji — brak lub niewielkieyspieszenie poetkowych fenofaz (wschody,
krzewienie) i narastage przyspieszenie kolejnych terminéw (strzelaniedibto, ktoszenie, dojrza-
tos¢ woskowa), prowadce do skrécenia okreséw rozwojowych, z@@ogorszy warunki osiga-
nia dobrych plonéw pszenta jarego w Polsce.

Stowa kluczowe: pszegto jare,analiza skupig, fenofaza, okres rozwojowy, plon



