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ABSTRACT: The aim of this study was to evaluate the balamegnfonization ratio, HR) between vegetative
period (VP) and grain filling period (GFP) basedtbarmal times for bread wheat cultivars (Seri-82nc-99 and
Golia), and the effect of nitrogen rates (50, 1080, 200 and 250 kg N h3 on this balance value. In the
experiment, VP, GFP, days to maturity (DM), HR aland grain yield (GY) were evaluated and correfati
coefficients were used to determine the relatigmshietween these traits. HR values were signifigatifferent for
years, cultivars and nitrogen rates. Between tlaesy¢he highest HR value (0.419) and higher G275 kg h&)
were obtained in 2001-02 cropping year compare2Df20-01 cropping year with lower HR value (0.366 dess
GY (6584 kg ha). Mean HR value was also calculated as 0.393 al@xperiment data. However, cultivars were
not significantly different for GY, while they werggnificantly different for HR value. However, boHR values
and GY were around the mean values. All investiyataits were increased by nitrogen rates. ThedsgsyY was
obtained from 150 kg N Halevel with 7402 kg h3 at this level HR value was 0.392 and it was ainegmial to
mean HR value (0.393) which was calculated ovethallexperiment data. The lowest GY was also obthfrom
50 kg N h& level with 6763 kg haAGY, at this level HR was also lowest (0.369).

Key Words: wheat, grain filling period, vegetative periodrinanization ratio, grain yield.

Ekmeklik Bugday Cssitlerinin Uyum Indeksine Azot Dozlarinin Etkisi

OZET: Bu calsmada vejetatif periyot (VP) ile tane dolum periyddiDP) arasindaki dengeyi (uyum indeksi) U
ekmeklik bgday csitleri (Seri-82, Geng-99 ve Golia) ve azot dozurff, 100, 150, 200 ve 250 kg N Hxbu
denge dgerine etkisini termal zamanlara goregddendiriimesi amagclanmtir. Arastirmada, VP, TDP, ekim
olgunlagsma siresi (EOS), Ldeseri ve tane verimi (TV) agarilmis ve bu 6zellikler arasindaki gkileri belirlemek
icin korelasyon katsayilari kullanilgtir. Uyum indeksi dgerleri, yillar, ¢gitler ve azot dozlari bakimindan énemli
derecede farkli bulunngtur. Yillar arasinda en yiikseki ldeseri (0.419) ve yiiksek TV (7592.5 kgHa2001-02
uriin yilindan elde edilirken, 2000-01 driin yilirdizha diiik Ul degeri (0.366) ve daha dilk TV (6584 kg hd)
elde edilmgtir. Arastirmada elde edilen verilere gore ortalamiadeseri ise 0.393 olarak hesaplatm. Casitler TV
bakimindan istatistiki olarak farkli bulunmazkenr,dakimindan énemli derecede farkli bulugtardir. Bununla birlikte,
hem U hem de TV dgerlerinin ortalama deerlere yakin oldgu da tespit edilngtir. Biitiin incelenen 6zellikler azot
dozlari ile birlikte ary gdstermitir. En yilksek TV 150 kg hhazot seviyesinden 7402 kg halde edilirken, bu
azot seviyesinde Udeseri 0.392 olarak belirlenmive bu dger ortalama W (0.393) dgerine yakin bir dger
olmustur. En digilk TV ise 50 kg hd azot dozu seviyesinden 6763 kg'helde edilirken, bu azot dozu seviyesinde
uyum indeksi dgeri de (0.369) dguik olmustur.

Anahtar Kelimeler: Bugday, tane dolum periyodu, vejetatif periyot, uyurdeksi, tane verimi.

INTRODUCTION availability and water use efficiency (Siddique adt,

Genetic and environmental factors and theit990), plant densities (Oztirk and Akten, 1996;
interactions (Dokuyucu et al., 1996; Oztirk andekkt Miralles and Slafer, 2000 through Evans, 1987;
1996) have effects on tlouration of each phenological Rawson, 1993) and their interactions (Slafer and
stage in wheat. Significant correlations betweea thRawson, 1995) could be effected on the durations of
durations of the developmental stages and absgielfd phenological stages.
and yield components were reported (Rawson, 1970; Gebeyehou et al. (1982) investigated rate and
1971; Dokuyucu et al. 1996). Therefore, the factorduration of grain filling in durum wheat cultivars.
modifying the durations of these stages are of tgre8iddique et al. (1989) calculated thermal times and
importance for grain yield. Factors such as sowdatgs compared dry matter production at the anthesishef t
(Hay, 1986), temperature and photoperiod (Siddigiue old and modern wheat cultivars in a Mediterrangque-t
al., 1989; Slafer and Rawson, 1995), levels ofitiotr ~ environment.
(Oztiirk and Akten, 1996; Rodriguez et al., 1994)tew
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They also determined the ratio of dry matter préidnc anthesis. Akkaya et al. (2006) reported that thess
at this stage and its relations to grain yield. k€oand significant relation between harmonization ratial gnain
Kannenberg (1989) considered phenological stages yasld, and harmonization ratio may also be usefitbria
selection criteria and reported that optimal useth& for determination of genotypes with balanced postare-
limited heat units available for maize productionshort anthesis durations for higher grain yield. Howetlegre is
season areas requires a balance between veggitiod no available research related with the effect @fogen
duration and grain filing duration. However, ineth rates on HR values determining balance betweenndP a
literature, there is no available research on hbis t GFP.
balance will be for the cereals? Meanwhile, Sideigtial. Changing of the harmonization ratio (HR) by
(1990) measured water use and water use efficefhol thermal times may have effects on GY capacity of
and modern wheat cultivars in a Mediterranean-typgenotypes in any given region or under the agticalt
environment to determine water use in the pre-@mel- practices. Therefore, the aims of this article we)eto
anthesis periods as well as their ratio. They aidit that calculate harmonization ratios by thermal times for
much of the yield improvements achieved by wheatultivars, years and nitrogen rates one of the most
breeders were associated with a systematic changei important agricultural practices and, ii-) to intigate
post- to pre-anthesis water use ratio. Lopez-Cegtaand relationships between HR and grain yield.
Richards (1994) used thermal times and calendas tiay
evaluate the variation in temperate cereal spatiesnfed MATERIALS and METHODS
environments for development and growth. They itegor The research was conducted for two years, under
that barley KHordeum wulgare L.) reached physiological rainfed conditions between 2000 and 2002 croppaaysy
maturity about 10 days (180 °C degrees) earlien tha in Kahramanmaraprovince, which is located in the East-
other species and produced higher grain yield smdss Mediterranean Region of Turkey. Climatic data bglém
in a shorter than the other species. Jackson €1394) experiment years and long term for plant growttations
pointed out the significant variation among thdéyalines in Kahramanmasgprovince are given in Table 1.
for grain yield, despite the very limited variationtime to

Table 1. Some average climatic data belong to éxeett (2000-2002) and long term years (1960-2006) i
Kahramanmaraprovince

Months Temperature (°C) Rainfall (mm) Relative Hdity (%)
2000-01 2001-02 Long terrd000-01 2001-02 Long ter@000-01 2001-02 Long term

Min 7.1 6

November Max 20.8 15.8 12.0 54.5 56.1 59.3 63.4 64.0 72.5
Mean 13.2 10.4
Min 2.8 4.4

December Max 11.4 9.3 6.5 102.7 258.2 118.9 76.3 79.8 61.1
Mean 7.0 6.9
Min 3.7 -0.7

January  Max 12.3 8.7 43 15.3 130.0 134.6 73.7 69.5 69.4
Mean 7.7 3.5
Min 3.1 3.8

February Max 12.3 16.3 6.3 118.0 63.6 110.0 72.2 58.5 66.1
Mean 7.6 9.8
Min 9.1 6.7

March Max 20.5 18.3 10.4 82.7 82.0 90.1 66.1 62.8 62.0
Mean 14.7 12.5
Min 10.8 9.3

April Max 22 19.3 14.9 53.0 123.9 68.2 65.8 71.4 58.3
Mean 16.4 14.0
Min 13.7 13.9

May Max 25.7 26.1 19.9 46.9 29.1 34.6 58.6 60.8 55.7
Mean 19.8 19.6
Min 19.6 19

June Max 33.7 32.8 24.7 0.4 0.4 6.9 53.8 54.2 51.0
Mean 26.4 25.7

Total 473.5 743.3 622.6
Min 8.6 7.8

Mean Max 19.8 18.3 12.4 66.2 65.1 62.0

Mean 14.1 12.8
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The factors were arranged as cultivars (Seri-82, RESULTS and DISCUSSION
Genc-99 and Golia) and nitrogen rates (50, 100, 150 Average value of years, cultivars and nitrogensate
200 and 250 kg N h’a The experiments were designedor VP, GFR,, DMy, HR; and GY are shown in Table
in a split plots arrangement on randomized comple® 3 and 4. Results show that the effect of yead a
block design (cultivars as main plots, nitrogeresads nitrogen rates on GY, P GFR, DMy and HR, were
subplots) with four replications. Planting was ofi 9 significant £<0.01). All values for investigated traits in
November in 2000 and {7November in 2001, at the the 2001-02 cropping year were significantly higher
rate of 550 seed fwith 15 cm row-space with 8 row than those in 2000-01 crop season. These resutes we
plots. Phosphorous was applied at the rate of 6B,®g due to climatic changes between the years, especial
ha' and nitrogen was applied at the half rate of thialt higher rainfall in the second year (Table 1). Indi@ble
nitrogen rate applications at planting. The restth years, GY VR, GFR, and DM, were tended to be
nitrogen was applied at the tillering as topdregsin higher; especially increasing of GFRas higher than
Herbicide used for weed control (Tribenuran-methyincreasing of VR This situation was also leaded to
(DF) 75%). Plots were harvested by plot combine. increase HR value. Therefore, harmonization ratio

The investigated traits; vegetative period (VPgigr (0.419) was also higher in 2001-02 year with higB&r
filling period (GFP) and days to maturity (DM) were(7592.5 kg hd) compared to 2000-01 year with lower
evaluated by thermal times (Gebeyehou et al., 198RR; (0.366) and less GY (6584 kg Ha(Table 2).
Lopez-Castaneda and Richards 1994 and Akkaya,et &avorable conditions could cause to increasg; R
2006). The Celsius scale was used, with a base’@f 0 well as GY. In previous works, significant diffeas
for thermal time’s calculations for VP, GFP and DMwere reported for VP, GFP, DM and GY between the
the abbreviations; VP GFR,, DMy for thermal times years due to climatic changes (Pirasteh and Welsh,
were used, respectively. Harmonization ratio byrtted  1980; Fischer, 1984; Davidson et. al., 1985; Hagl an
times were calculated by the formubiR,= GFP./VP;  Kirby, 1991; Slafer and Rawson, 1995) and water
(Akkaya et al., 2006)Grain yield (GY) was also availability (Siddique et al., 1990). Akkaya et @006)
determined by weighing of grain products obtainedlso reported higher HRvalues with high GY across
from the plots, harvested after excluding of siffeats. the years. In view of these results, Halues may be
The data belong to the experiment was analyzed fased for characterization of the years or enviramse
variance test and means were ranked according Bb L$hat have high yield capacities.
test and correlation coefficients were used to rdate
the relations between investigated traits (SAS9199

Table 2. Average values and LSD groups ofyVBFR, DM y by the thermal times, and calendar days in
parenthesis, HR values and GY for years.

VP, (days) GFR (days) DM (days) HRy GY (kg ha')

Years *% *% *% *% *%

1693b 621D 2314 b 0.366 b 6584 b
2000-01 (164.6) (32.8) (197.4)

1736 a 728 a 2463 a 0.419a 7592 a
2001-02 (167.3) (37.7) (205.1)
o 1714 674 2389 0.393 7088

(165.9) (35.2) (201.2)
LSD (0.05) 5.393 9.53 12.612 0.005 2645
CV % 0.864 3.883 1.451 3.665 10.25

Level of statistical significance: *®<0.01.

Cultivars were also significantly different for Y,P Akten, 1996; Dokuyucu et al., 1996). On the othemdh
HRy (P<0.05), GFR and DM, (P<0.01). However, they cultivars were similar for VR GFR, DMy and HR
were not significantly different for GY, this sitien  values. This similarity also made KRsalues more
may be due to they are standard cultivars and cartyno dependable compared to y/”5FR; and DM,. Because,
grown in the region. Nevertheless, Golia cv. witle t HRy value was calculated by consideration of both, VP
highest HR (0.400), tended to have higher GY, it isand GFR, and this HR value may help to determine the
gradually more preferred by farmers for planting irbalance between GERand VR. In previous work,
large and irrigated areas of the region, becausigsof Akkaya et al. (2006) also reported significant
lodging resistance and higher GY capacity comp#wed differences among cultivars for Ralue. Akkaya et al.
the other cultivars (Table 3). In addition, the yioeis (2006) also stated that, cultivars with higherHalues
authors were pointed out differences among GY, Viad higher GY. Cultivars used in this study were
GFP and DM calculated by the both thermal times artbmmonly grown in the region and their GY andHR
calendar days for the cultivars (Siddique et &89 values were around the mean of the region. In imafdlit
Lopez-Castenada and Richards, 1994; Oztirk amthanging of development stage durations depends on
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genetics of the genotypes in any given environmemt. achieved by wheat breeders may be associated to a
this reason, total thermal unit of genotypes in GFBystematic change in the post- to pre-anthesisrwate
should coincide with the days having the optimummatio. In our research, total thermal times of past
temperatures for growing. Harmonization ratio mayre-anthesis periods as well as their ratios alad h
help to evaluate the balance between, ¥Rd GFR of effects on growing. It is possible to say that
genotypes by the thermal times or calendar days fdetermination of HR values by using ViPand GFR
higher GY capacity (Akkaya et al., 2006). Similarly could help to characterize genotypes having bathnce
Siddique et al. (1990) experienced water use andrwaVP and GFP durations and adaptations to different
use efficiency of old and modern wheat cultivarsain environments. In a previous work, it is reportedtth
Mediterranean-type environment to determine waser umight be possible to evaluate genotypes by their
in the pre- and post- anthesis periods as wellhas t optimum, lowest and highest HRalues (Akkaya et al.,
ratio. Therefore, it is concluded that yield impeavents  2006).

Table 3. Average values and LSD groups ofyVBFP,, DM y by the thermal times and calendar days in
parenthesis, HR values and GY for three bread whdavars

VP (days) GFR (days) DM (days) HRy GY (kg ha')

Cultivars * *x *x * ns

Seri-82 1710 b# 663 b# 2373 b# 0.387 b# 7172
(165.8) (34.9) (200.7)

Genc-99 1719 a 674 b 2394 a 0.392 b 7025
(166.3) (34.7) (201.3)

Golia 1713 b 686 a 2400 a 0.400 a 7067
(165.8) (36.0) (201.8)

Mean 1714 674 2389 0.393 7088

LSD (0.05) 6.61 11.67 15.45 0.006 324.0

ns: not significant; level of statistical signifizee: *P<0.05, ** P<0.01.
# Values with the same letter are not statisticdittferent atP< 0.05.

Table 4. Average values and LSD groups of MBFPy, DM by thermal times and calendar days in parenthesis,
HR values and GY for nitrogen rates.

VP, (days) GFR (days) DM (days) HRy GY (kg ha')

Nitrogen Rates - - - - .

(kg ha')

50 1700d 629 e 2329 e 0.369 e 6763 c
(165) (33.7) (198.7)

100 1704 cd 648 d 2352d 0.379d 6906 bc
(165.5) (34.6) (200.1)

150 1709 c 670 c 2380 c 0.392 ¢ 7402 a
(165.6) (35.6) (201.2)

200 1723 ¢ 700 b 2423 b 0.406 b 7294 ab
(166.5) (35.6) (202.4)

250 1735 a 725 a 2460 a 0.418 a 7075 abc
(167.3) (36.5) (203.9)

Mean 1714 674 2389 0.393 7088

LSD (0.05) 8.53 15.07 19.94 0.008 418.31

Level of statistical significance:P<0.05, ** P<0.01.

The effect of nitrogen rates were also significlamt our work, increasing ratio of GFP was higher than. V
GY (P<0.05), VR, GFR, DMy and HR (P<0.01). GY This situation was due to higher rainfall in Ap2i002,
was significantly increased by increasing nitrogates. and May 2001. This also caused increasing HR Vajue
Increasing GY by nitrogen rates was also reported increasing nitrogen rates. The lowest GY (6763 &J h
previous works (Pala et al., 1992; Mosseddaq andas obtained from 50 kg N Hanitrogen rate, while
Farihane, 1992; Oweiss and Pala, 1996; Seput et #lR; (0.369) was also calculated as the lowest. The
1996). Rodriguez et al. (1994) also reported thet t highest GY (7402.1 kg H was obtained from 150 kg
effect of the rates and level of nutrition on thaits of ha' nitrogen level, and at this level, HR value (0891
genotypes. Oztirk and Akten (1996) also reportestas almost equal to average HR value of the
increasing on VP, GFP and DM with increasing niétog experiment. For optimum HRvalues it was determined
rates, which is in agreement with our results. H@xein  that calculated HRvalue over the whole experiment
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data was usually equal or near to jWRalue obtained and nitrogen rates. HRvalues were higher in 2001-02
from 150 kg N h# level which was supplied the highestcropping year than 2000-01 cropping year. While
GY. GY tends to decrease at 200 kg N'kevel. On thermal times (1714) on VP occurred in a long pkrio
the other hand, at 200 and 250 kg'hatrogen rates, (165.9 days) due to low temperature, thermal times
HRy values were calculated as 0.406 and 0.418. (674) on GFP occurred in a shorter period (35.%pay
caused decreasing of GY, but this decreasing was rdue to higher temperature. This situation mightdbe
significant (Table 4). This situation could be eiped to higher rainfall in 2001-02 cropping year, in weini
by the deviation of HR values from optimum level bytotal rainfall higher than average long-term ralinfim
increasing nitrogen application. 2001-02 cropping year; there was no significant
It may be expected lower HR value due to increasinghanging for HR value by increasing nitrogen rates.
of VP by increasing of nitrogen rates. HoweverHowever, in 2000-01 cropping year, which had less
increasing of nitrogen caused increasing of both VPRainfall than average rainfall in long-term yeansda
GFP and as well as HR value. This situation wastdue 2001-02 cropping Yyear, HR value significantly
higher increasing ratio in GFP. This kind of HRincreased due to increasing nitrogen rates. Thigtibn
deviations by changing \{Pand GFR, may cause might be due to less effect of nitrogen rates indvie to
decreasing of GY. However, this GY decreasing wadsss rainfall and higher average temperature inl Apid
not significant in our experiment. Higher HRhay be higher effect of nitrogen during GFP in May due to
expected in the favorable conditions, but decrgasin higher rainfall in 2000-01 crop season than longnte
GY might be also expected after a level ofHiRcause years and 2001-02 crop season (Table 1). In addlitio
of deterioration of balance between GF&nhd VR. the effect of nitrogen rates for HRvalue might be
Long-standing of GFPand VR could lead to delaying covered by higher rainfall in the second year o th
of maturity into hot summer days in the region. iYea experiment. Aitken (1974) reported that temperature
cultivar interaction was significant for HR andgiven alone has a universal impact on the wheat developme
in Fig. 1. Response of cultivars to the years f&;Mias Slafer and Rawson (1995) also reported that thhehig
significantly different. This situation may also betemperature, the faster rate of development and
attributed to the effect of climatic factors ontotdrs consequently the shorter times to complete a pdatic
especially higher rainfall in 2001-02 cropping yeamd developmental stage and development can be differen
rainfall in March and April months in 2000-01 crapg in any given environment due to change of tempegatu
year; it was less than average of the long termsyaad in the years. Therefore, this effect of temperatuoaild
2001-02 cropping year (Table 1). This situationseali be similar in the limits of any environment. This@a
shorter VR and GFR as well as lower HRvalues in means that HR values calculated over the thernmadi
2000-01 year for cultivars. Year x nitrogen rateor days of cultivars maybe criteria in characteritaof
interaction had significant effect on HRalues (Fig. 2). adaptation ability of cultivars for environments.
Harmonization ratio was significantly different fgears

Year X Cultivar Interaction
0.44
Ke)
§ 0.42 - ./ —a
c 0.40
K]
IS 0.38 /
N
é 0.36 . <
@ 0.34-
T
0.32 - -
Seri-82 Geng-99 Golia
—e— 2000-01 0.360 0.359 0.379
—=— 2001-02 0.413 0.423 0.420
Cultivars

Figure 1. The effect of year x cultivar interactiom HR;
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Year X Nitrogen Rates Interaction
0.45
9 |
§ 0.40
- 0.351
i}
I 0.30
N
é 0.25+
5 0.20
T
0.15
50 100 150 200 250
—e— 2000-01 0.321 0.339 0.370 0.389 0.411
—=— 2001-02 0.416 0.419 0.413 0.422 0.423
Nitrogen Rates (kg/ha)

Figure 2. The effect of year x nitrogen rate intéicms on HR

Correlation Coefficients Gebeyehou et al., 1982; Corke and Kannenberg, 1989;
Correlation coefficients between GY and P Dokuyucu et al., 1996). HR values were also
GFR,, DMy and HR, for the experiment were calculatedsignificantly and positively correlated with GY the
and are given in Table 5. GY was correlategxperiment, Akkaya et al. (2006) pointed out that i
significantly and positively with VP GFR, and DM,. Kahramanmara province for durum wheat cultivars,
Some researchers have pointed out significatitere was significant and positive relationshipwissn
correlations between GY and VP, GFP and DMiR;and GY.
(Rawson, 1970 and1971; Rawson and Bagga, 1979;

Table 5. Correlation coefficients between GY ang,\V&-R,, DM and HR,

Traits VR GFR DMy HRy

GY 0.363 ** 0.408 ** 0.408 ** 0.404 **

Level of statistical significance: *®<0.01.
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