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Abstract

Understanding nitrogen dynamics of wheat under different temperature conditions
may provide valuable informations to maintain the sustainability of wheat production,
improve food security and reduce production costs. A field trial was established to
observe and evaluate nitrogen concentrations of different wheat plant parts at anthesis
and maturity under normal and high temperature conditions. Two different temperature
regimes were provided by planting seeds at two different calender times (normal wheat
sowing time and a quite late time to receive warmer conditions). Also two different

irrigation regimes were applied to distinguish the impact of drought from temperature.

On the plant parts basis, nitrogen concentration was maximum at flag leaf and
minimum at lower stem both at anthesis and maturity. On the basis of temperature
regimes, nitrogen concentrations were higher at high temperature regime compared to
normal temperature regime for each plant parts both for anthesis and maturity except
upper stem at maturity. Irrigation was increased nitrogen concentrations of each plant
parts both at anthesis and and maturity under normal temperature regime. But
oppositely, irrigation has a reducing effect on nitrogen concentrations of each plant
parts both at anthesis and and maturity under high temperature regime except again at

upper stem anthesis maturity. Nitrogen concentration of husks-awn-axis at maturity was
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increased both by high temperature and irrigation applications. Nitrogen concentration
of spikes at anthesis was higher under high temperature. Nitrogen concentrations of
grains at maturity was increased by high temperature and was maximum at high

temperature rainfed condition.

Our investigations showed that nitrogen concentrations of flag leaf, lower leaves
and lower stem followed same pattern between applications and there exists a

correlation between grain nitrogen concentration.
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Normal ve Yiiksek Sicaklik Kosullar1 Altinda Bugday Bitkisinin Farkh

Aksamlarimin Ciceklenme ve Olgunluktaki Azot Konsantrasyonlari
Ozet

Farkli sicaklik kosullarinda bugdayin azot dinamigini anlamak, gida giivenligini
artirarak ve {retim maliyetlerini disiirerek bugday {iretiminin siirdiiriilebilirligini
korumak icin degerli bilgiler saglayabilir. Normal ve yiiksek sicaklik kosullar1 altinda
cigeklenme ve olgunlukta bugday bitkisinin farkli pargalarinin azot konsantrasyonlarini
gozlemlemek ve degerlendirmek igin bir tarla denemesi yiiriitiilmiistiir. ki farkl
zamanda tohum ekerek (normal bugday ekme zamami ve sicak kosullarin
saglanabilecegi oldukca ge¢ bir zaman) iki farkli sicaklik rejimi saglanmistir. Ayrica,

kurakligin etkisini sicakliktan ayirmak icin iki farkli sulama rejimi uygulanmstir.

Bitki aksamlar1 bazinda azot konsantrasyonu hem ¢igeklenme hem de olgunlukta
bayrak yaprakta en yiiksek, alt sapta en diisiik bulunmustur. Sicaklik rejimleri baz
alindiginda, olgunlukta iist sap hari¢, hem c¢iceklenme hem de olgunlukta, her bitki
par¢asinda normal sicaklik rejimine kiyasla yiiksek sicaklik rejiminde azot
konsantrasyonlari daha yliksek bulunmustur. Sulama, normal sicaklik rejimi altinda,
tiim bitki aksamlarinin azot konsantrasyonlarini hem ¢iceklenme hem de olgunlukta
artirmigtir. Sulama, yiliksek sicaklik rejimi altinda ise iist sap hari¢ tiim bitki
aksamlariin hem ciceklenme hem de olgunlukta azot konsantrasyonlari iizerinde
azaltict bir etkiye sahip olmustur. Olgunlasma doneminde kavuz-kilgik-ekseninin azot

konsantrasyonu hem yiiksek sicaklik hem de sulama uygulamalari ile artmistir.
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Ciceklenme doneminde basaktaki azot konsantrasyonu yiiksek sicaklik rejimi altinda
daha yiiksek olmustur. Olgunlasma donemindeki tanelerin azot konsantrasyonlari,
yiiksek sicaklik ile artmis ve yiiksek sicaklikta yagisa dayali kosullarda maksimum
olmustur. Arastirma, bayrak yapragi, alt yaprak ve alt sap azot konsantrasyonlarinin
uygulama esnasinda ayni paterni izledigini ve dane azot konsantrasyonu ile arasinda bir

korelasyon bulundugunu gostermistir.

Anahtar Kelimeler: Bugday, Yiiksek Sicaklik, Is1 Stresi, Azot.

1. Introduction

Possible effects of global warming on crops is not very clear and high temperature
probably reduces yields [1]. Global warming is threatening food security and poverty
[2]. High temperature stress is a problem in 40% of temperate environments [3]. High
temperature restricts plant growth and productivity and is an important environmental
factor for many crops [4]. Information on effects of high temperature on various

parameters of wheat are inadequate [5].

The productivity of most of the ecosystems is controlled by nitrogen availability
[6]. The performance of wheat is mainly determined by the nitrogen supplied by the soil
and fertilizer where plant demand for nitrogen reflects the current state of the plant [7].
According to [8] the majority of nitrogen fertilizer under Mediterranean conditions were
taken in the period between tillering-anthesis and fertilization and irrigation practices
increased the efficiency of water use where irrigation should be required at critical
periods in the these conditions. Environmental conditions during grain-filling of wheat
may affect the accumulation of storage protein and starch and effects grain yield and
quality [9]. Grain protein content and grain weight are the most important parameters
determining grain quality in wheat [10] and grain protein content is inversely related to
grain size [11]. Heat stress allows more nitrogen per starch [12] and grain protein
content where quality increases under heat stress [13]. Heat stress during grain-filling
affects the grain protein content [14] and the greatest increase in wheat grain protein
content occurs when heat stress occured at early grain filling period [15]. Nitrogen

fertilization increases wheat protein contents [16]. Delayed application of nitrogen in
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the season is more effective than earlier applications [17]. Near anthesis application of
nitrogen is more efficient than earlier application for increasing grain protein content
[18]. [19] reported that protein concentration of grain might be improved by
translocation of a higher percentage of nitrogen from the vegetative organs to the grain.

Plant nitrogen concentration is successfully used as an indicator of nitrogen status [20].

2. Materials and Methods

Research was conducted on research and application fields of University of
Cukurova in Turkey in 2003-2004 wheat growing season. Research area is located at
36°29' North latitude and 35°18' East longitude at 20 m altitude. Test area is flat with
high soil clay content [21]. Adana-99 bread wheat cultivar was used in the study. Trial
fields were left for fallow in 2002-2003 season. Sowing was done after cultivation of
trial area and plots received 500 seeds per m”. Normal sowing (normal temperature
regime-NT) was done on 17 November 2003, late sowings (high temperature regime-
HT) was done on 04 March 2004. Interrow distance was 15 cm, plot lenght was 6 m to
form 8 lines. 80 kg ha™' N, 80 kg ha™ P,0s, 80 kg ha™ K,0 and 5 kg ha' Zn was given as
composite fertilizer (15-15-15+ 1 Zn) at sowing. In the beginning of tillering (on
27.12.2003 at normal planting, and on 29.03.2004 at late planting) 80 kg ha™ N as
ammonium nitrate (26%) fertilizer was applied. At stem elongation (for normal planting
on 29.01.2004, for late planting on 22.04.2004) 40 kg ha' N as ammonium nitrate
(26%) fertilizer was applied. Irrigation was done with drip irrigation. Lateral interspace
was 30 cm and dripper interspace was 50 cm. Soil water was determined by gravimetric
measurements weekly. Irrigation was done when first 60 cm of the soil profile available
water level falls to 60%. Irrigation was carried out to fill the amount of water in the soil
profile to field capacity under control of water meter. Daily average temperatures under

NT (Normal Temperature) regime for 2003-2004 growing season is given in Figure 1.
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Figure 1. Actual Average Daily Temperatures Under NT Regime

Daily average temperatures under HT (High Temperature) regime for 2003-2004

growing season are given in Figure 2.
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Figure 2. Actual Average Daily Temperatures Under HT Regime
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Two temperature regimes were provided by planting at two different times
(normal wheat sowing time and quite late time to receive warmer conditions). In order
to distinguish the impact of drought from temperature, two different irrigation regimes
were applied. Amount of water that research area received as precipitation and irrigation

in year 2003-2004 under NT regime is given in Figure 3.
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Figure 3. Amount of Water That Research Area Received Under NT Regime (mm)

Amount of water that research area received as precipitation and irrigation in year

2003-2004 under HT regime is given in Figure 4.
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Figure 4. Amount of Water That Research Area Received Under HT Regime (mm)

Investigations were conducted according to the method described mainly by [22].
Used Zadoks Growth Scale to follow plant phenological developments [23]. To
determine the amount of N, certain lengths in the middle part of the plots were cut from
the soil surface and divided into different plant sections. These different plant parts
dried at 70 °C for 48 hours and N content was determined by Khejdal method. These
procedures has applied separately to the samples taken from the plots at anthesis and
maturity. For this purpose, during anthesis, spikes, flag leaf, the lower leaves, upper
stem, lower stem, sterile stem and during ripening grain, husks-awn-axis, flag leaf,
lower leaves, upper stem, lower stem, sterile stems has used. Heat regime was main and
irrigation was sub-factor and trial has established by the randomised block design with
four replications. MSTAT-C program package has used for the statistical analysis of
datas. The resulting averages was analysed by LSD.
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3. Results

High temperature application drastically reduced the duration of phenological

periods except anthesis-maturity period. Phenological durations are given in Figure 5.
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Figure 5. Phenological Durations Under Different Temperature Regimes (day)

Total vegetation period was 178 days for the NT regime and 97 days for the HT
regime. The most affected stages from HT were "sowing-tillering" and "stem

elongation-anthesis" periods.

Comparison of N concentrations (mg nitrogen per kg dry matter) of flag leaf,

lower leaves, upper stem and lower stem at anthesis and maturity are given in Figure 6.
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Figure 6. N Concentrations (mg N kg DM™) of Flag Leaf, Lower Leaves, Upper Stem and Lower Stem
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N concentration of flag leaf, lower leaves and lower stem were higher under HT
conditions compared to NT condition both for anthesis and maturity. Irrigation had
concentration reducing effect under HT but inreasing effect under NT. This pattern was
same for upper stem maturity but different at anthesis. Upper stem N concentration at

anthesis was increased both by high temperature and irrigation.

N concentration of husks-awn-axis at maturity was increased both by HT and

irrigation; and was maximum at HT irrigated condition (Figure 7).
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Figure 7. N Concentration of Husks-Awn-Axis at Maturity (mg N kg DM™)

N concentration of spikes at anthesis was higher at HT and irrigation made no

significant effect on it on both of the temperature regimes (Figure 8).
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Figure 8. N Concentration of Spikes at Anthesis (mg N kg DM™)

N concentrations of grains at maturity were increased by HT and were maximum

at HT rainfed condition (Figure 9).
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Figure 9. N Concentration of Grains at Maturity (mg N kg DM™)
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4. Discussion

When we compare plant parts, N concentration was maximum at flag leaf which
is followed by lower leaves, upper stem and lower stem both at anthesis and maturity

for both temperature regimes.

When we compared applications, N concentration was higher at HT regime and
lower at NT regime for each plant part and for both stages except upper stem maturity.
Irrigation increased N concentrations of each plant parts both at anthesis and maturity
under NT regime. But oppositely, irrigation reduced N concentrations of each plant
parts both at anthesis and maturity under HT regime except upper stem anthesis at
maturity. N concentration of husks-awn-axis at maturity was increased both by HT and
irrigation. N concentration of spikes at anthesis was higher at HT. N concentrations of

grains at maturity was increased by HT and was maximum at HT rainfed condition.

Investigations showed that N concentrations of lower leaves, flag leaf and lower
stem followed same pattern between applications in correlation with grain nitrogen

concentration.
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